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\ (54) Title: ELECTRONIC RECORD OF LUGGAGE, CARGO AND VEHICLES 
] (54) Tftulo: REGISTRO ELECTRONICO DE EQUIPAJES, MERCANCIAS Y VEHICULOS 

5 (57) Abstract: The invention relates an electronic 

E record of luggage, cargo and vehicles comprising 

; three elements: an interface, an interrogator and 

a spy. The interrogator and the spy form the 
mobile body of the record, while the interface 
constitutes the fixed body. Said interrogator and 
spy can be interconnected and communicate 
between them the data stored in the respective 
memories thereof. The interface is provided with a 
casing having a receptacle in which the other two 
elements can be housed once connected in order 
to load information by connecting said interface 
to the terminal of the company responsible for 
the transport of the luggage, cargo or vehicles. 
The main components appear in the diagram and 
comprise: female (1) and male (2) connectors, 
semi-circular channels (4) and pivots (3), pilot 
lamps (6), loudspeakers (5), digital portals (7) 
and a switch (8). The basic inventive model is 
used to keep a constant check on said luggage, 
cargo or vehicle, to which the interrogator is 
fixed respectively using an electromagnetic 
procedure. Meanwhile, the spy remains in the 
f* "**"*'" u A u 1 user's possession and the mobile body or interface, 

t"*. I i — .I which is connected to the terminal, remains in 

t"*- the possession of the company. When a significant 

deviation from the planned itinerary occurs, the 
acoustic and visual alarm systems, which are 
integrated in the interrogator and the spy, are put 
0 operation. In this way, all the incidents are recorded in the central system via the interface by means of the communication that 
. is established immediately between the elements when said incident occurs. 
S . 
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(57) Resumen: El REGISTRO ELECTRONICO DEEQUIPAJES, MERCANC1ASY K£MC^LOS constedetreselementosdenomi- 
nados INTERFACE, INTERROGADOR YESPIA. Los dos ultimos constituyen el cuerpo m6vil del Registro y el primero es el cuerpo 
fijo. EL INTERROGADOR y el ESPIA pueden acoplarse e intercomunicar entre ellos los datos almacenados en sus respectivas me- 
morias. El interface consta de una carcasa con un receptaculo en el que pueden alojarse los otros dos elementos, una vez acoplados, 
para cargar informaci6n conectandolo a la terminal de la compafh'a encargada del transporte de los equipajes, las mercancfas o los 
vehiculos. Los componentes principales aparecen en el gr&fico y pueden concretarse en: hembras (1) y machos (2) de conexi6n, 
pivotes (3) y canales semicirculares (4), pilotos luminosos (6), altavoces (5), portales digitales (7) e interrupter (8). La utilidad del 
modelo base es tener controlado en todo momento el equipaje, la mercancfa o el vehfculo a los que, respectivamente, se ancla por 
un procedimiento electromagnStico el INTERROGADOR, quedando en poder del usuario el ESPIA y en el de la compama, conec- 
tado a la terminal, el cuerpo movil o INTERFACE. Cuando se produce una desviacion significativa del itinerario previsto se ponen 
en funcionamiento los sistemas acusticos y visuales de alerta incorporados al INTERROGADOR y al ESPIA, recogiendose todas 
las incidencias en el sistema central a travel del INTERFACE data la comunicacion que se establece de inmediato entre todos los 
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DESCRIPCION 

TITULO DE LA INVENCION : 

5 REGISTRO ELECTRONICO DE EQUEPAJES, 
MERCANCIAS Y VEfflCULOS J.M.R.2. 

SECTOR DE LA TECNICA AL QUE SE REFIERE LA 
INVENCION : 

10 

Se trata de un aparato que constara de diversos componentes 
caracteristicos del Sector de la Electronic a disenados y 
fabricados de forma expresa para el adecuado funcionamiento 
delconjunto. El proceso de almacenamiento de datosensus 
15 distintos elementos se reaBzara mediante soporte informatico 
con un software programado especificamente para cada uno 
de los diferentes modelos del Registro J.M.R.2. 

OBJETO DE LA INVENCION ; 

20 

El citado aparato electronico permitira recoger en sus distintos 
elementos toda la information relativa al itinerario que deberia 
seguir el equipaje, mercancfa o vehlculo cuyo registro se desea 
asf como cuantos datos sean precisos del usuario y, en su caso, 
25 de la compama encargada del transporte para poder realizar 
una permanente comprobacion de la ruta seguida por aquellos 
que hara factible conocer su situacion en cada momento. 

ANTECEDENTES DE LA INVENCION : 

30 

Los solicit antes no tienen conocimiento de que en el actual estado 
delatecnica existan aparatos de caracteristicas similares a 
la invencion que ahora desean patentar. Nada tienen que ver 
con el Registro electronico J.M.R.2. los "buscapersonas" 
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existentes en el mercado ni los instrumentos para balizar usados 
hasta el presente en navegacion aerea y maritima. Todos ellos, 
ademas de utilizarse con fines diferentes, tienen diseno y 
fiincionamiento obviamente distintos. 

5 

EXPTJCACT6N DE LA INVENCION : 

Consiste en un aparato compuesto por tres elementos 
diferenciados. Dosde ellos, denominados INTERROGADOR y 
10 ESPIA forman el cuerpo mdvtt y pueden encajarse a presion 
mediante un sistema de hembras y machos que, ademas, 
posibilitan la interconexion para la transferencia electronica de 
datos entre ambos elementos. 

15 El tercero, denominado INTERFACE forma el cuerpo fijo que 
esta constituido por un receptaculo en el que puede ser 
introducido el cuerpo movil. En sus paredes laterales interiores 
contara con varios machos (habitualmente seran dos o cuatro) 
que se podran acoplar a los canales semicirculares del 

20 INTERROGADOR y del ESPtA para permitir el proceso de 
carga y transferencia de datos. 

El INTERFACE dispondra de un mecanismo para facilitar 
la expulsion de los elementos del cuerpo movtt. Ademas, su 
25 carcasa estara dotada de unos cables para conectar con el 
terminal de la compania encargada del transporte. El 
INTERROGADOR y el ESPiA contaran, cada uno de ellos, de un 
sistema de almacenamiento de la information asi como de un 
doble mecanismo de comunicacion (sonoro y visual). 

30 

El sonoro consistira en un altavoz por el que se podra emitir una 
senal acustica de alerta en caso de surgir desviaciones 
significativas sobre el itinerario previsto y, ademas, cuantos 
mensajes se estimen necesarios. 



WO 02/077942 



3 



PCT/ES02/00160 



El visual estara compuesto de iin piloto luminoso para senalizar 
las incidencias y de una ventanilla o portal digital dividido en 
dos secciones (una con fondo amarillo y digitos en negro y otra, 
separada de la anterior, con fondo rojo y digitos en negro). 

5 

BREVE DESCRIPCION DE LOS DIBUJOS : 

La FIGURA 1 representa la planta superior (encima) y uno de 
los alzados laterales (debajo) del primer elemento del cuerpo 
10 movil del aparato, denominado INTERROGADOR. En ella se 
nan senalizado las cuatro hembras de interconexion (1), los 
canales semicirculares (4), el altavoz (5), el piloto luminoso (6) y 
las dos secciones del portal digital (7). 

15 La FIGURA 2 representa la planta superior (encima) y uno de 
los alzados laterales (debajo) del segundo elemento del cuerpo 
movil del aparato, denominado ESPtA. En ella se ban senalizado 
los cuatro machos de interconexion (2), los canales 
semicirculares (4), el altavoz (5), el piloto luminoso (6), las dos 

20 secciones del portal digital (7) y el interruptor (8). 

La FIGURA 3 representa la planta superior (izquierda) y el 
alzado . del frente por el que se introduce el cuerpo movil 
(derecha) en el tercer elemento o cuerpo fijo del aparato, 

25 denominado INTERFACE, En ella se ban senalizado los 
machos (3) que pueden acoplarse con los canales 
semicirculares del INTERROGADOR y del ESPfA, asi como el 
piloto luminoso (6) que permitira distinguir las distintas fases del 
proceso de carga o transferencia de datos y las diversas 

30 incidencias que pudieran acaecer. 

Una de las paredes laterales del receptaculo del INTERFACE 
en el que se acopla el cuerpo movil lleva grabadas en su 
parte superior las siglas J.M.R.2. delRegistro. 
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DESCRIPCION DE UNA REALIZACION PREFERIDA : 

Dadas las caracterfsticas de la invention todos los modelos que 
pudieran fabricarse del Registro electronico J.M.R.2. tendran 
5 una configuration identica a la descrita en los dos apartados de 
esta Memoria: EXPLICACION DE LA INVENCION y BREVE 
DESCRIPCION DE LOS DIBUJOS. 

Las diferencias que pudieran existir entre unos y otros se 
Utilitarian, en primer lugar, a su tamano (segun se trate de 
bultos, maletas, baules, etc., en el supuesto de los equipajes, 
atendiendo a los envases de las mercantias que incluso podrian 
ser contenedores y segun las caracterfsticas de los vehiculos ), en 
segundo, a la naturaleza de los materiales con que se fabrique y, 
por ultimo, segun el volumen de information que en cada caso 
deba registrarse en la memoria de los distintos elementos que 
componen el Registro. No resulta, pues, necesario realizar 
la description completa de una realization espetifica dado que 
los elementos diferenciales entre los diversos modelos no son 
determinantes para describir de forma • generica sus 
componentes. 

SOMERA EXPLICACION DEL USO DE LA INVENCION : 

25 Para cargar de information el Registro se introducira el cuerpo 
movil dentro del receptaculo del cuerpo fijo o INTERFACE, 
debiendo estar acoplados los dos elementos del primero 
(INTERROGADOR y ESPlA) y conectarse el INTERFACE 
mediante los correspondientes cables a la terminal de la 

30 compafiia que deba controlar el movimiento del equipaje, la 
mercantia o el vehiculo con el fin de introducir los datos que 
sean necesarios para poder comprobar en todo momento que la 
ruta de aquellos no se desvfe significativamente del itinerario 
previsto. 



15 



WO 02/077942 PCT/ES02/00160 



Una vez introducidos los datos en las memorias de todos los 
elementos se extraera el cuerpo mdvil del cuerpofijo separando a 
continuation los dos elementos del primer o. 

5 El INTERROGADOR se colocara en el equipaje, en la mercanria 
o en el vehfculo con unos anclajes electromagneticos especiales y 
el ESPIA se entregara al usuario para que pueda retirar aquellos 
ensu destino. 

El INTERFACE quedara en poder de la compania y podra seguir 
conectado a su terminal para transferir al INTERROGADOR y al 
ESPfA, si es necesario, cuantas informaciones interese mientras 
se realiza el itinerario o cuando se producen desviaciones 
significativas del mismo. 

Los carros o vehfculos de recogida de los equipajes y mercancfas 
al final de cada cinta transportadora o de cada terminal o 
muelle de carga asi como los transportes o almacenes de 
vehfculos mantendran como senuelo parte de la informacion 
impresa en el cuerpo movil del Registro para evitar que se 
disparen las alarmas del INTERROGADOR y del ESPlA, 

La transmision de datos entre los distintos elementos del aparato, 
una vez separados estos, se realizara habitualmente mediante 
25 senales de radio de frecuencia ciudadana aunque podra 
trabajarse con otras frecuencias segun convenga. 
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OBSERVACJONES FINALES : 

PRIMERA; Para el funcionamiento del sistema de registro 
electronico de equipajes, mercancias y vehiculos 

5 podran utilizarse elementos auxiliares ya existences en el 
mercado, o, de forma prioritaria, los siguientes (tambien 
desarroUados por el mismo inventor): Bateria de impedancia 
simulada, larga duration y no contaminante, software disenado 
especfficamente para los distintos modelos del registro segdn 

10 sea su uso y selector automdtico de la frecuencia de 
utilization adaptado a cada circunstancia de transporte. 

SEGUNDA: AJ sistema de registro electronico de equipajes, 
mercancias y vemculos se le podran incorporar elementos 

15 adicionales complementarios (ideados por el mismo inventor) 
para su utilization especifica en transporte aereo 
(dispositivo de bloqueo de los mandos manuales y paso 
automatico a control desde tierra), transporte maritimo 
(localization de contenedores y bultos tras su caida accidental 

20 al mar o bien despues de un naufragio), transporte 
terrestre (detection de la cantidad de alcohol por 
exhalation y bloqueo automatico de los mandos del vehiculo si 
sesuperan los limites permitidos legalmente, identification 
del conductor por cadenas de ADN e information permanente 

25 de las incidencias al conductor y, en sii caso, al equipo base 
de la compania de transportes). 

Asi mismo podran incorporarse a los registros otros 
dispositivos complementarios (del mismo inventor) que 
permitiran su utilizacion en Biologia Marina (seguimiento 
30 del fitoplancton y control de bancos de especies 
marinas), en el montaje de sistemas anticolisidn para los 
vehfculos que circulen por autopistas, autovias o 
carreteras controladas y, por ultimo, en el diseno y 
construction de autopistas inteligentes . 
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RETVTNDICACIQNES 

Seguidamente se relacionan las reivindicaciones que definen el 
objeto para el que se solicita protection: 

5 

l a ) Sistema de registro electronico de equipajes, mercancias y 
yehiculos que permite controlar el traslado y movimiento de los 
mismos caracterizado por constar de: 

10 a) Un elemento, denominado cuerpo movil, constituido a su vez 
por otros dos componentes, denominados INTERROGADOR y 
ESPIA, capaces de acoplarse y posibilitar la conexion para la 
transferencia electronica de datos entre ambos. 
Cada uno de ellos cuenta con un sistema de almacenamiento de la 

15 information y con un mecanismo de comunicacion. 

b) Otro elemento, denominado cuerpo fijo o INTERFACE, capaz 
de acoplarse con el cuerpo movil para permitir el procesode 
carga y transferencia de datos disponiendo de cables en su 
20 carcasa para conectar con el terminal de la compama 
' encargadadel transporte. 

Tambien se caracteriza porque, para el funcionamiento 
y control de dicho sistema se realizan, en general, las 
25 siguientes operaciones: 

a) Se acoplan, previamente, los dos elementosdel cuerpo movil 
{INTERROGADOR y ESPtA) y el conjunto se acopla al cuerpo 
fijo (INTERFACE) conectando este ultimo, mediante los 
30 correspondientes cables, con el terminal de la compama que deba 
controlar el movimiento de los equipajes, las mercancfas o los 
yehiculos en el que quedaran registradas cuantas incidencias 
se produzcan y tener permanente localizados cada unode 
ellos. 
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b) Se introducen los datos necesarios en los cuerpos fijoy movil 
para poder comprobar en todo momento que el 
INTERROGADOR no se desvia signfficativamente del itinerario 
previsto. 

5 

c) Una vez introducidos los datos en las memorias de todos los 
elementos se extrae el cuerpo mdvil del INTERFACE separando, a 
continuation, los dos elementos del primero {INTERROGATOR y 
ESPiA). 

10 

d) Se coloca el INTERROGADOR en el equipaje, la mercanci'a o 
el vehiculo con unos anclajes electromagneticos especiales y el 
ESPIA se entrega al usuario para que pueda retirar aquellos en 
su destino. 

15 

e) El INTERFACE queda en poder de la compama encargada del 
transporte y podra seguir conectado a su terminal para 
transferir al INTERROGADOR y al ESPJtA, si es necesario, 
cuantas informaciones interese mientras se realiza el itinerario 

20 o para detectar cuando se produzcan desviaciones significativas 
del mismo. 

2 a ) Sistema de registro electronico de equipajes, mercancias y 
vehfculos (segun reivindicacion l a ) caracterizado porque el 
25 acoplamiento entre INTERROGADOR y ESPtA se realiza 
encajando a presion ambos mediante un sistema de hembras y 
machos que, ademas, posibilitan la conexion para la 
transferencia electronica de datos entre ambos componentes del 
cuerpo movil. 

30 

3 a ) Sistema de registro electronico de equipajes, mercancias y 
vehfculos (segun reivindicacion l 8 ), caracterizado porque el 
cuerpo fijo esta constituido por un receptaculo en el que puede 
ser introducido el cuerpo movil y porque dispone en sus paredes 
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laterales interiores de varios machos que se pueden acoplar a los 
canales semicirculares de que disponen el INTERROGADOR y el 
ESPlA para realizar el proceso de carga y transferencia de datos 
entre los dos cuerpos. 

5 

4 a ) Sistema de registro electronico de equipajes, mercancfas y 
vehiculos (segun reivindicacion l a ) caracterizado porque el 
mecanismo de comunicacion entre el INTERFACE y el cuerpo 
movil y entre las dos componentes de este ultimo se detecta en 

10 for mas sonora y visual. 

El INTERROGADOR y el ESPlA disponen para la sonora de 
sendos altavoces por los que se podra emitir una senal de alerta 
en elcaso de surgir desviaciones significativas del itinerario 
ademas, cuantos mensajes se estimen necesarios. Para la visual 

15 tendran, respectivamente, pilotos de senalizacion de 
incidencias y ventanillas o portales digitales divididos en 
dos secciones; una con fondo de un determinado color (por 
ejemplo, amarillo), otra con fondo en otro color (por ejemplo, 
rojo)y ambas con digitos en negro. En ellas podran leerse los 

20 mensajes que interese para el permanente control del 
equipaje, la mercancfa o el vehfculo. 

5 a ) Sistema de registro electronico de equipajes, mercancfas y 
vehiculos (segun reivindicacion l a ) caracterizado porque el 
25 cuerpo fijo o INTERFACE dispone tambien de un piloto 
luminoso que permitira distinguir las distintas fases del proceso 
de carga o transferencia de datos y las diversas incidencias que 
pudieran acaecer. 

30 6 a ) Sistema de registro electronico de equipajes, mercancfas y 
vehiculos (segun reivindicacion 3 a ) caracterizado porque el 
INTERFACE dispone de un mecanismo para facilitar la 
expulsion de los elementos del cuerpo movil. 
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T) Sistema de registro electronico de equipajes, mercancfas y 
vehiculos (segun reivindicacion l a ) caracterizado porque los 
carros o vehiculos de recogida de los equipajes y las mercancfas, 
al final de cada cinta transportadora o de cada terminal o muelle 
5 decarga asi como los transportes o almacenes de vehiculos 
mantendran como senuelo un dispositivo con parte de la 
informacion grabada en lamemoria de las componentes del 
cuerpomdvil para evitar que se disparen las alarmas del 
INTERROGADOR y del ESPiA. 

10 

8 a ) Sistema de registro electronico de equipajes, mercancfas y 
yehiculos (segun reivindicacion l a ) caracterizado porque la 
transmision de datos entre sus distintos elementos se efectuara 
habitualmente, una vez separados estos, mediante seflales 
15 de frecuencia ciudadana sin perjuicio de trabajar con otras 
cuando asf lo requieran las caracterfsticas del transporte, las 
circunstancias especfficas de cada itinerario o el medio en que se 
realice este. 
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AN OBJECT DETECTION SYSTEM 
Field of the Invention 

5 The present invention relates to a system and a method for detecting and identifying an 
object. More specifically the invention relates to a tag for attachment e.g. to luggage, the 
tag being adapted for transmission of an identifiable signal and a receiver for detecting 
and identifying the signal. 

10 The present invention is concerned with the use of Bluetooth™ technology for detection of 
the object. 

Description of the Prior Art 

15 In general, the detection and identification of objects relates to the problem of finding an 
object or to the problem of detecting the loss of an object. The object could be anything 
such as luggage, a car, a bicycle or even persons. The problem of finding the object could 
be the problem of finding a specific car in a car park or city, finding luggage on a luggage 
conveyer in an airport, finding a specific bike in a school yard or of finding a person such 

20 as a child in a school yard or in a shopping centre etc. The problem of detecting the loss 
of an object could be detecting whether the object is being stolen or whether the object 
has been forgotten. 

Generally speaking, methods and devices for the identification and detection of objects 
25 exist. As an example luggage is typically labelled with a hand written or a bar coded label 
indicating the identity of the owner of the luggage. However, the hand written label can be 
impossible to read either due to a bad handwriting or the label may be destroyed by 
humidity or by the transportation of the luggage. The hand written label does not in it self 
constitute a guarantee for the identity of the owner of the luggage, since it is easy to 
30 change the label or to write a label with a wrong name or address. Moreover the label 
does not alert the owner if the luggage is either forgotten or stolen. Air cargo and airport 
staff in general experiences huge problems on luggage handling. As an example, it can 
be difficult to find owners of luggage that has been left or forgotten and it can be difficult to 
trace the place of sojourn of the traveller. A badly written luggage tag can cause that the 
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luggage ends up in a wrong destination. For that reason, insurance companies as well as 
airline companies effect expenditures for compensation of lost luggage. 

Similarly systems for identification of persons exist. As an example people are typically 
5 identified towards authorities e.g. in relation to inspection of tickets, for admittance control 
etc. In general the existing systems are related with the same mentioned drawbacks as 
the systems for luggage detection. 

Description of the Invention 

10 

It is an object of the present invention to provide a tag that can be attached to objects 
such as luggage or persons and that reduces or eliminates the above mentioned 
problems. 

15 According to the object, the present invention relates to a system for detecting objects, 
said system comprising: 

- at least one first transmitting unit to be located near the luggage, the first unit having 
an identity and being provided with a transmitter for transmitting a first signal 

20 representing the identity of the first transmitting unit, and 

- a receiving unit provided with a receiver for receiving the first signal, the receiving unit 
being adapted to generate a second signal in case the first signal represents the 
identity of one of said at least one first transmitting unit(s), 

25 the receiving unit being adapted to receive the first signal when the distance between the 
first transmitting unit and the receiving unit is within a predetermined interval. 

The objects may be luggage, e.g. to be handled through a number of destinations, e.g. 
through an airport. The objects may also be persons, e.g. children in a kinder garden or in 

30 a school, prisoners in a jailhouse. It could also be a car, or it may simply be a system for 
the identification of persons, e.g. to be used in connection with ticket inspection in a fun 
park or in a public transportation system or for verification of identity in connection with 
admittance control systems. As an example, the first transmitting unit may be used in 
connection with admittance control, e.g. in a skiing resort. The identification of the holder 

35 of the tag could be used for later payment. 
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In general the objects may be any people or item for whom or which a reliable detection 
and/or identification is requested. The transmitting unit could be integrated in a luggage 
tag of if the object is a human being such as a child the transmitting unit may be 
5 integrated in a bracelet, a wristwatch or in clothes. The transmitting unit could also be 
integrated in sports equipment, in a bicycle, in a car or even in tools so that stolen tools 
can be found. As an example, the transmitting unit may be integrated in the frame of the 
bike, so that the bike can be found amongst a number of bikes, e.g. in a schoolyard. As 
another example, the transmitting unit may be integrated e.g. in ski bindings, thus 

10 enabling the ski equipment to be found amongst the ski equipment left outside a 
restaurant of left in the ski-room in a hotel or so that the skier may be identified when 
using the lift system - the transmitting unit thus acting as a ski-pass. By means of yet 
another example the transmitting unit may be integrated in a wristband so that the 
presence of the person wearing the wristband easily can be detected or found. The 

15 transmitting unit could also be integrated in key-rings etc. thus enabling the retrieval of a 
lost key. 

Preferably the first transmitting unit comprises an active transmitting unit, provided with 
power driven means for transmitting the first signal in the form of a radio signal. The 
transmitting unit may be provided with a power source, e.g. in the form of a battery or in 
20 the form of solar cells or kinetic cells capable of charging an electrical current upon 
shaking, vibrating or in any other way moving the transmitting unit. 

The receiving unit may be integrated in phone devices, computers, cars etc. or the 
receiving unit may be installed in a residential property so as to detect and identify objects 
25 or persons, e.g. for the purpose of admittance control. 

The first transmitting unit could be an electronic circuit capable of transmitting a signal that 
can identify the circuit and thus identify a bag or a person or item carrying the tag. As an 
example the circuit could be integrated in a tag to be fastened e.g. to luggage. 

30 

By means of the second signal generated by the receiver, the owner of the luggage can 
be notified e.g. when the luggage arrives to the luggage claim area in an airport. The 
predetermined distance indicates towards the owner, how far away the luggage is when 
the second signal is received. 



35 
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When the owner wants to check if the luggage is within close range, the receiver is turned 
on. If the receiver detects a signal the owner is notified, e.g. by the receiver transmitting a 
second signal in the form of a ringing, beeping, flashing, vibration etc. The receiver may 
even transmit a radio signal or an infrared signal to another electronic device, the signal 
5 indicating that the luggage is within the predetermined interval. As will later be described 
the reverse function, namely that the second signal is transmitted as the luggage is 
moved out of the predetermined distance could also be implemented. This function will 
help people to remember objects and alert in case of theft. As an example the function will 
help travellers to remember their luggage or alert in case the luggage is stolen. Both 
10 functions could be activated, so that whenever an object is detected, the receiving unit will 
automatically alert, if the object is taken out of the pre-specified area. 

The system could interact with existing legacy systems. These systems could be airline 
barcode baggage systems, RFID systems or airline tracking systems or other systems 

15 that could ad valuable information to the technology like RFID or other short-range 

passive identification chips. By interacting with these existing systems and by allowing an 
owner of luggage with an identification unit - if it is of one of the older passive types or if it 
is a unit according to the present invention - to access the luggage handling system, it will 
be possible for the luggage owner to check an actual location of luggage during transit or 

20 flight. When a airline company realises, that a piece of luggage has been sent to a wrong 
destination, they can send an SMS or an email to the luggage owner and thus arrange 
proper redirection of the luggage. The address of the owner could be stored within the tag 
or stored at a Internet side addressed by the information stored in the tag. 

25 As another example, a transmitting unit attached to a bike or similar object will alert the 
owner of the object if the object is stolen. 

Preferably the first transmitting unit comprises an electronic data processing unit and may 
further have a storage unit for storing electronic data. The storage unit can be used for 

30 storing information related to the owner of the luggage. As an example the storage may 
be used for storing the name and address of the owner, a link to a home page of the 
owner, the blood type of the owner, the travel plan or schedule related to the luggage etc. 
The storage may also be used for storing information related to the luggage such as the 
weight of the luggage, the destination and origination of the luggage or safety instructions 

35 related to the handling of the luggage. As an example the information could be related to 
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a toxic, explosive, flammable or in any other way harmful content of the luggage and by 
means of the information stored in the storage, the persons handling the luggage may 
obtain useful information on how to handle the luggage safely. The information could also 
relate to the people who have been handling the luggage. As an example all people who 
5 have been handling the luggage may leave an insignia identifying them towards the owner 
of the luggage. When the owner of the luggage, after a journey gets the luggage delivered 
in the baggage claim area, it can easily be checked who, where and how the luggage has 
been treated. For that purpose the first unit may even be provided with input from an 
alarm device or from sensing devices capable of registering the conditions that the 
10 luggage has been subjected to, e.g. temperature, humidity, bumps etc or how many times 
the luggage has been opened. 

The tag or information stored in the tag could preferably be associated with a database, 
e.g. a database which is accessible from the Internet. In the database, the owner of a tag 

15 may register all kinds of information, e.g. travel plans. The information stored in the tag 
could then be limited to a link or an address of the database information so that all 
relevant information can be retrieved directly from the database. The use of the database 
enables the owner of a tag to store a large amount of date without the limitations of the 
storage capacity of a relatively small electronic circuit of the tag. The use of a database 

20 also opens a number of opportunities for sharing information. As an example the 
customer of a flight ticket can simply use the tag with a link to a homepage of a travel 
company wherein the detailed travel plan is stored or a person may simply refer to a 
home page wherein personal information is stored, e.g. information extracted from an 
electronic calendar such as outlook from Microsoft. As another example, the use of the 

25 Internet will enable very flexible ways of paying for services. The holder of the tag could 
be identified in connection with admittance control, e.g. when entering a train, a bus, a 
cinema, a ski-lift system, a discotheque or any other place with admittance control. Along 
with the identification, an address and/or an authorisation code of an Internet account may 
be forwarded to the controlling authority and money may then be transferred from the 

30 holders account. 

The owner of a tag may also choose to download information to be stored directly in the 
tag. The information could as for example relate to a travel plan. As an example the owner 
may download travel plans and other information related to the travel directly from a 
35 device connected to the Internet. The information could be an electronic flight ticket - E- 
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ticket - and by downloading the E-ticket to the tag, the owner verifies towards the airport 
authorities and/or the airline staff the details of the travel. The suitcase with the tag could 
thus have the same identity as the traveller towards the authorities. By downloading 
information directly to the memory of the tag, the information may be retrieved without a 
5 connection to the Internet. 

Preferably the first unit is adapted to receive an activation signal. When the activation 
signal is received the electronic data processing unit is adapted to activate transmission of 
said first signal in response to recognition of the activation signal. As an example the first 
10 unit is adapted to operate in an inactivated mode and in an activated mode. The unit may 
then switch between the modes upon detection of an activation signal of a recognisable 
type. The signal could be provided by means of a signal switch operationally connected to 
the first unit or may be provided by means of a signal transmitted by a second transmitting 
unit such as transmitted by the receiving unit. 

15 

The activation signal could comprise an insignia representing an identity of the second 
transmitting unit. As an example the receiving unit could transmit the activation signal and 
the signal could include a code only known to the first transmitting unit and to the 
receiving unit. When the first transmitting unit recognises the signal and the code, it starts 
20 to transmit. The activation signal could also include a unique identifier of the transmitting 
unit and the first transmitting unit could be adapted only to start transmission upon the 
detection of such a unique identifier. In that way it is easy for the owner of the luggage to 
detect whom has been activating the first transmission unit. 

25 The activation signal could also include an insignia representing the identity of the first 
transmitting unit. This could be an advantage e.g. if a large number of luggage pieces is 
located in one room and only one of the respective first transmitting units are to be 
activated. The activation signal could include an identification number for a specific first 
transmitting unit, and the first transmitting units could be adapted only to be activated 

30 upon the detection of an activation signal including their own identification number. 

According to a preferred embodiment of the invention the system further comprises an 
initialisation unit adapted to transmit an initialisation signal to the first transmitting unit. 
The initialisation signal could be stored in the memory means for storing electronic data. 
35 The initialisation signal could comprise data related to the owner of the luggage, as earlier 
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described, name, address, blood type, destination address etc. or related to the contents 
of the luggage, weight of the luggage etc. The initialisation signal could also comprise 
date related to an encryption method for encryption of the communication between the 
receiving unit and the first transmitting unit. As an example, the first transmitting unit may 
5 receive a key for the encryption of the data to be transmitted. The first transmitting unit 
may also be provided with an encryption key from the beginning. In that case the key for 
the encryption could be printed on a removable label attached to the surface of the first 
transmitting unit. When the owner of the luggage wants to use the system for the first 
time, the key for the encryption is read from the label and entered into the receiving unit 

10 thus becoming capable of receiving data transmitted by the first transmitting unit. 

Thereafter the label is removed from the first transmitting unit allowing only those having 
the key to receive data from that unit. The initialisation signal may also include a software 
program adapted for the communication between the first transmitting unit and the 
receiving unit. The initialisation unit may be integrated in the receiving unit or the 

15 initialisation unit may be a separate unit, e.g. owned by dealers of the system or owned by 
the service personnel checking the luggage in at the airport. As an example the first 
transmitting unit may upon check in of the luggage in an airport receive an identification 
code. The code could be encrypted by use of an encryption key so that only authorised 
personnel can decode the identification code and so that no one but authorised personnel 

20 can change the code. Upon the check in procedure other information may be downloaded 
to the first transmitting unit, e.g. the flight schedule, the weight of the luggage etc. 

The first and/or the second signal transmitted by respectively the first transmitting unit and 
the receiving unit and/or the initialisation unit could preferably be transmitted as a radio 

25 signal with a frequency range being in the order of 2,4 GHz. A frequency of this range 
provides a good transmissibility and enables compatibility with tools following the so- 
called Bluetooth™ standard for communication. Other frequencies and protocols may also 
be used. As an example the tag could be adapted for the DECT standard of for the 
HOME-RF standard or for the IEEE 802.1 1 standard. As an example, the tag may be 

30 provided with a switch for switching between the different standards or the tag may even 
be adapted to automatically switch to a standard frequency and protocol, based on which 
signal the tag receives. If the tag receives a signal from a HOME-RF unit, the tag will 
switch into HOME-RF mode and return a signal etc. 
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Preferably the first unit is adapted to operate in a first mode and a second mode, the 
power consumption of the first unit when operating in the first mode being lower than the 
power consumption of the first unit when operating in the second mode. The first mode 
could be a mode wherein the first unit is listening for any communication following the 
5 same communication protocol as the first unit, e.g. communication following the 
Bluetooth™ communication protocol. The mode is an energy saving mode, enabling 
extended operation time with a relatively small battery driving the first unit. The second 
mode is a data processing and transmission mode, wherein the first unit is processing 
received communication data send by use of the same communication protocol as the 

10 first unit is adapted for. In case the date is recognised, e.g. in case the data comprises a 
correct unique identifier or in case the date is encrypted with a key known to the first unit, 
the first unit starts to transmit a signal. This is more power consuming than just listening 
for communication within a specific communication protocol, but the second mode is only 
activated shortly. The signal may be send within a time period shorter than one second. 

15 During the time period the first unit scans a pre-specified frequency band and selects one 
band wherein the signal preferably should be send, e.g. due to the fact that the frequency 
band is less influenced by radio noise or due to the fact that no other devices at that 
moment uses that frequency band. The first unit thereafter transmits the signal within the 
frequency band. 

20 

According to a preferred embodiment of the invention the predetermined interval is 0,01- 
10000 meters, such as 10-90 meters, such as 20-80 meters or such as 1-10 meters. 

The user could enter the predetermined interval or it could be coded into the processing 
25 unit or stored in the storage unit by the maker of the system. Preferably the receiving unit 
comprises data input means for user input of the predetermined interval, e.g. in the form 
of a numeric keyboard or by means of a dial. 

The first and/or the second signal could preferably include a message. As an example the 
30 message could be related to the events planned for the luggage, the content of the 
luggage or related to the owner of the luggage. The message could also be a link to an 
Internet address wherein further information related to the luggage may be retrieved. 
The message could be encrypted so as to control whom receives the message. As an 
example the first transmitting unit may transmit a message containing the name of the 
35 owner of the luggage. Before transmitting the message, the unit is encrypted by the use of 
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an encryption and decryption key known only to the first transmitting unit and the receiving 
unit. The encryption key could be stored in the memory means. When the receiving unit 
receives the message, it is being decrypted and presented to the user. 

5 The receiving unit could be adapted to generate a notification signal in response to the 
message. As an example the notification signal could be that the receiving unit, e.g. by 
means of a WAP protocol connects the user to an Internet or WAP page included in the 
message. Another example is that the receiving unit transmits an e-mail, makes a phone 
call or in any similar way establishes a communication channel for transmission of the 

10 message, part of the message or for transmission of a predetermined signal based on the 
contents of the message. As an example an airport may be provided with a number of 
receiving units receiving messages from transmitting units attached to luggage passing 
nearby the receiving unit. Upon receiving messages from the transmitting units, the 
receiving units forwards those messages to a control system capable of processing the 

1 5 messages, e.g. in order to detect identities of the owners, calculate statistics related to the 
luggage etc. Another example is that a receiving unit is adapted to detect eventual e-mail 
addresses in the messages received, and upon the detection to forward advertising 
messages to the addresses or to forward a notification relevant to the owner of the 
luggage. 

20 

The receiving unit may have a display adapted to represent data representative of the 
message, e.g. a screen where text strings and graphics may be presented. The receiving 
unit may have further notification signalling means for transmission of notification signals 
upon the receiving a predetermined message. The notification signal could be that the 
25 receiving unit starts shaking, flashing, beeping or ringing upon receiving a message 
indicating that luggage owned by a certain owner, luggage of a certain kind etc, is within 
the distance. 

According to a preferred embodiment of the system the receiving unit is integrated in a 
30 cellular phone such as a WAP phone, or integrated in a similar hand held device for 

transmission and receiving signals and/or capable of displaying messages and/or capable 
of transmitting notification signals. Examples of such devices are palm pilots, portable 
PCs with wireless communication interfaces etc. 
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Preferably the signals are transmitted and received with a communication protocol 
corresponding to the protocol for Bluetooth™ wireless communication. Bluetooth™ 
wireless technology is a de facto standard, as well as a specification for small-form factor, 
low-cost, short-range radio links between mobile PCs, mobile phones and other portable 
5 devices. The signals may also be transmitted and received with a communication protocol 
corresponding to the DECT standard, HOME-RF, IEEE 802.11 or similar market leading 
communication protocols. 

The first and the second signal may also be transmitted as an acoustic signal, e.g. in the 
10 range between 20 kHz and 50 kHz, such as 25 kHz. This frequency is so low that a 
person would not be able to hear the signal. The acoustic signal could be used, e.g. in 
areas where the radio signal may interfere with other radio signals. An example of such 
an area is an airport, wherein the planes communicate with the control tower and 
navigates by means of radio signals, in hospitals wherein the radio signals may interfere 
15 with life important equipment or in areas with much radio noise. 

The first and the second signal may also be transmitted as an optic signal, e.g. as an 
infrared signal. 

20 Preferably the signals, no matter if they are radio signals, acoustic signal or optic signals 
are transmitted as digital and modulated signals. 

The shift from the operation in the first mode to operation in the second mode may 
according to a preferred embodiment be based upon detection of an optical effect. As an 
25 example, the first transmitting unit may shift upon detection of light, as the luggage is 
taken out of the luggage compartment of an aeroplane 

The first unit may also be adapted to shift from the operation in the first mode to operation 
in the second mode upon detection of a mechanical effect. As an example the shift may 
30 occur upon detection of bumps as the luggage is handled, upon detection of sound or 
upon detection of movement of the luggage, e.g. by the use of a device capable of 
detecting changes in the orientation of the unit. 
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According to a preferred embodiment of the invention the receiving unit is comprised in a 
key ring or in the bow of a key. Likewise the first unit may be integrated in a suitcase, 
such as in the handle of the suitcase or correspondingly integrated in the luggage. 

5 According to a further preferred embodiment of the invention the receiving unit is adapted 
to generate the second signal in case the distance between the first transmitting unit and 
the receiving unit changes from being inside the predetermined interval to being outside 
the predetermined interval. As an example the owner of the luggage may want to be 
alerted if the luggage is moved outside the distance entered into the receiving unit such 

10 as if the owner forgets the luggage in a shop, or in case the luggage is stolen. 

The receiving unit may as an example be adapted to generate a third signal representing 
the distance between the first transmitting unit and the receiving unit. The third signal 
could be a tone amplified according to the distance between the first transmitting unit and 
the receiving unit. The third signal could also be a dial showing the distance either in 

15 relation to the pre-determined distance entered into the receiving unit or it could simply be 
a digital display indicating the distance, e.g. in a selectable measuring unit. Preferably the 
receiving unit is also adapted to generate a fourth signal representing a distance deviation 
between the first transmitting unit and the receiving unit indicating if the distance is 
increasing or if the distance is decreasing. 

20 

According to another aspect the present invention relates to a receiving unit for use as the 
receiving unit of the above-described system. 

According to another aspect the present invention relates to a transmitting unit for use as 
25 the transmitting unit of the above-described system. 

According to another aspect the present invention relates specifically for a system for 
detecting luggage. 

30 According to yet another aspect the present invention relates to a method of detecting 
luggage, said method comprising the steps of: 

- attaching a transmitting unit to the luggage, the unit having an identity and being 
provided with a transmitter for transmitting a signal representing the identity of the 
35 unit, and 
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- using a receiving unit provided with a receiver for receiving the first signal, and 

- analysing the signal so as to determine the identity. 

According to another aspect the present invention relates to a computer system for 
5 handling luggage, said computer system having processing means, receiving means for 
receiving a signal, input means for user provided input, output means for transmitting a 
signal and storage means having stored therein a computer program said processing 
means being adapted, in response to commands from said computer program, to: 

10 - receive a signal from a transmitting unit, 

- based on the received signal, to determine the identity of the transmitting unit, 
and 

- to generate a signal in case the identity of the transmitting unit is identical to a 
reference identity. 

15 

The reference identity could be entered by the user, through the input means and the 
generated signal could be transmitted to the user via the output means, e.g. in the form of 
an acoustic signal. 

20 According to another aspect the present invention relates to a computer program for an 
electronic processing system, the computer program being adapted to perform the above 
mentioned method. 

Detailed description of the invention 

25 

A preferred embodiment of the invention will now be described in details with reference to 
the drawing in which: 

Fig. 1 is a block diagram showing a preferred embodiment of a transmitting and receiving 
30 unit according to the invention, 

Fig. 2 shows the "configure tag function" of the system application, 

Fig. 3 shows the "discover luggage tag in range" application, 

35 
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Fig. 4 shows an embodiment of a transmitting unit attached to the handle of a suitcase, 

Fig. 5 shows a receiving unit attached to a key ring, 

5 Fig. 6 shows an alternative embodiment of the invention, wherein the receiving unit is 
provided in a portable terminal, 

Fig. 7 shows an example of the use of a system according to the invention, adapted to 
localise a suitcase on a luggage transport system, e.g. in an airport terminal, 

10 

Fig. 8, Fig. 9 and Fig. 10 show three different ways of attaching the tag to luggage, 

Fig. 1 1 shows the receiving unit integrated in a mobile phone device, and 

15 Fig. 12, Fig. 13 and Fig. 14 show three different situations wherein the system may be 
used. 

The following example relates to a system according to the present invention and adapted 
for detecting and identifying luggage. The system comprises a transmitting unit to be 
20 attached to the luggage and a receiving unit. In the following example the transmitting unit 
will thus be referred to as the luggage tag and the receiving unit will be referred to as 
luggage detector. The luggage detecting system is a set of at least one luggage tag and a 
luggage detector, which in the following example is a combined unit with an initialisation 
unit. 

25 

Referring to Fig. 1 the luggage tag and the luggage detector comprises four main 
components, a power control circuit 1 a Bluetooth™ radio module 2, an interface for add- 
on components 3 and a processor 4. The four main components are interconnected by 
means of a system bus 5. The unit further comprises an EEPROM and/or RAM circuit for 
30 storing data and an antenna for the transmission and/or receiving of radio signals. 

Additionally the unit may be provided with an amplifier for amplification of the radio signal, 
or for the amplification of other signals, such as acoustic signals. The unit is comprised in 
a case capable of protecting the components from mechanical impact, e.g. due to rough 
handling of luggage. 



35 



WO 01/37004 



14 



PCT/DK00/00637 



The power control circuit 1 could be a battery and additional components for support of 
the unit in a time period such as for one year. The batteries could be selected from a 
combined requirement for supporting the unit with power and for keeping the size of the 
unit low. Regular AAA batteries may be preferred. 

5 

The interface for add-on components is adapted for optional parts such as for a display, 
for a push-button, for a speaker for the transmission of an acoustic signal or for a vibrator 
for the transmission of a vibration signal etc. 

10 The processor 4 in combination with the EEPROM and/or RAM circuit will be the 
hardware platform for a software application. Through the antenna, the software 
application will be downloaded to the EEPROM. For this transmission the Bluetooth™ 
protocol will be used. In this way it will be possible to update the application as it is being 
developed. The processor, the RAM and/or the EEPROM are further responsible for the 

15 upper layers of the Bluetooth™ protocol. 

The application 

The system application consist of 3 different types of functions which all work together in 
20 order to obtain the desired function namely to configure the luggage tag and to detect 
when a specific luggage tag is respectively moved into or out of a specified distance 
range between the luggage tag and the luggage detector. When referring to range this 
means the Bluetooth™ area covered by the system containing the system application or it 
means a range specified by the operator of the luggage detector or a range coded into the 
25 memory of the luggage tag. 

The system application utilises the Bluetooth™ protocol in order to detect luggage tags in 
or out of range. 

30 Initially when luggage tags are shipped they do not contain any user data and they are in 
an active discovery state, which means that they can be detected by an Inquiry from the 
system application. 

Configuration of the luggage tags 

35 



WO 01/37004 



15 



PCT/DK00/00637 



At first when a new luggage tag is to be used the configure tag function of the system 
application is used. The "configure tag function" of the system application is shown in Fig. 
2 and works as follows: 

5 1. The system application sends an Inquiry command to any Bluetooth™ device 
within the specified range. This Inquiry command is repeated several times and 
acts as a broadcast command meaning that any Bluetooth™ device in range and 
which is in an active discovery state will respond. 

10 2. The Bluetooth™ device named xxxx and the Bluetooth™ device named yyyy 
respond with their Bluetooth™ address. 

3. The system application operator (the one operating the luggage detector) selects 
the device that he/she wishes to configure and connects to the device. 

15 

4. The operator enters all the details such as name, address, zip-code etc. and 
optionally sets a unique pin code which will be used for authentication and/or for 
encryption of the transmitted data. 

20 5. The system application stores the address of the luggage tag, e.g. in the device 
named xxxx and the associated data and pin code. 

6. Optionally the system application will send the address of the luggage tag and the 
associated user data (but not the pin code) to an Internet Server which keeps all 

25 the information in a common database (all registered luggage tags). 

7. The system application sets the luggage tag in normal operational mode, which is 
active discovery state. 

30 The user is free to reconfigure the luggage tag (the device named xxxx) or the user is free 
to go on to the configuration of any additional luggage tags. If a pin code was specified in 
the configuration of a device this same pin code is required in order to reconfigure that 
device. Only a reset (loss of power) can reset the Tag to initial state. This may require 
either that the battery is removed from the device or that a reset button is pressed. 
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Discover a luggage tag positioned within range of the luggage detector 

In order to discover luggage tags coming into the range of a system application the 
luggage tag(s) will have to be in an active discovery state. The active discovery state is 
5 the normal operation of the luggage tag(s). 

In Fig. 3 shows the "discover luggage tag in range" application and it works as follows: 

1 . The operator of the luggage detector activates the "discover luggage tag(s) in 
10 range" function which will start sending an inquiry in order to obtain Bluetooth™ 

device addresses within the specified range. 

2. Any Bluetooth™ device within the range and in active discovery state will respond 
to the inquiry command with it's Bluetooth™ address. In this case the luggage tag 

1 5 named xxxx is in range and will respond. 

3. The system application will check to see if any of the addresses received are 
configured in the application. If there is a match between the Bluetooth™ address 
and one of the configured addresses, then the system application alerts the 

20 operator by displaying the name of the luggage tag and optionally transmits an 

acoustic alarm. The operator can then either exit the system application or 
alternatively set the system application in reverse mode. The reverse mode is 
adapted for detection of a luggage tag being within the range and going out of 
range. 

25 

4. The system application continues periodically sending out an inquiry in order to 
either discover whether the luggage tag named xxxx is going out of range or 
whether any other configured luggage tags are coming into range. 

30 5. The luggage tag named xxxx responds to the inquiry with its address and confirms 
that the luggage tag is still in range. Eventually when the luggage tag named xxxx 
gets out of range the operator is alerted with a message or optionally with the 
acoustic alarm. 
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6. A luggage tag named yyyy gets into range and responds to the inquiry of the 
luggage detector. The system application will look up the Bluetooth™ address in 
order to see whether this address is configured as one of the operators configured 
Tags. The operator is alerted and can once again choose which action to take. 

5 The operator either exit the application or the operator sets the application in 

reverse mode in order to discover if the luggage tag named yyyy is going out of 
range. 

7. The operator disables the system application. The luggage tags are still in 
10 operational mode. 

The Bluetooth™ radio module can be purchased e.g. from Cambridge silicon radio. A 
description of BlueCore™ 01 Single Chip Bluetooth™ System can be found on the 
Internet address www.CambridgeSiliconRadio.com. The Bluetooth™ protocol architecture 
1 5 can be found on the Internet address www.bluetooth.com. 

Fig. 4 shows an embodiment of the luggage tag where the luggage tag is integrated in the 
handle 6 of a suitcase. The handle has a build-in Bluetooth™ circuit 7 connected to a 
power source 8 and an antenna 9. In order to improve the transmission from the antenna 
20 9 the handle may be provided with a perforated area 10. The perforation also enables the 
Bluetooth™ circuit to be activated by means of light, e.g. when the suitcase is removed 
from an aeroplane. 

Fig. 5 shows an embodiment of the luggage detector attached to a key ring 12. The 
25 luggage detector 1 1 has a switch 13 for switching the detector on and off. The luggage 
detector has a Bluetooth™ circuit 14 for transmitting and receiving signals between other 
Bluetooth™ circuits (luggage tags). The Bluetooth™ circuit is connected to a power 
source 15 and to an antenna 16. The speaker 17 is connected to the circuit and adapted 
for transmission of an acoustic signal upon detection of a luggage tag. The luggage 
30 detector may further be provided with a flash or a vibrator for the signalling. 

Fig. 6 shows an alternative embodiment of the luggage detector wherein the luggage 
detector is integrated in a hand held terminal 18 with a screen 19. The screen is adapted 
for display of messages received from other Bluetooth™ circuits and for displaying 
35 graphics, e.g. pictures included in the message received from a luggage tag. The picture 
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could, as seen in Fig. 6 be a picture of the suitcase of the luggage tag, so that the 
operator of the luggage detector knows what to look for. The terminal has a switch button 
20 for switching on and off and for regulating the volume of the acoustic signal. The 
keyboard 21 is provided for entering data to be transmitted to a luggage tag, and or for 
5 adjusting the distance range. The data to be transmitted to a luggage tag could be 
alphanumeric text strings, integers etc. As an example the operator may create a text 
string with a name and address. The text may be seen on the screen and may be edited 
by means of the keyboard and then transmitted to the luggage tag. The Bluetooth™ circuit 
22 and the antenna 23 is adapted for transmission of Bluetooth™ signals. 

10 

Fig. 7 shows a luggage conveyer 23 and three pieces of luggage 24,25 and 26. The 
suitcase 26 is provided with a handle 27 with an integrated luggage tag 28. The terminal 
18 is similar to the terminal of Fig. 6. As the suitcase 26 is advanced on the conveyer the 
luggage tag is activated e.g. by the movement of the conveyer or by the illumination of the 
15 room or the luggage tag is activated by presence of Bluetooth™ signals in the area. 

Fig. 8, Fig. 9 and Fig. 10 shows three different embodiments of the luggage tag. Fig. 8 
shows a luggage tag similar to well known luggage tags for hand written labels but for 
electronic transmission of Bluetooth™ signals. The luggage tag can be attached to the 
20 luggage by means of the strap. 

Fig. 9 shows a suitcase wherein the luggage tag is integrated in the case. This is a 
preferred embodiment of the luggage tag since it is very difficult to remove the luggage 
tag or to switch luggage tags between suitcases. The airport staff may e.g. at the check in 
25 procedure download a unique and encrypted identification and destination code in the 
luggage tag. The luggage tag is integrated into the case in a security proved way and can 
only be removed from the luggage by visible destruction of the case. The tag may therefor 
throughout the journey be used for identification and routing of the suitcase. 

30 Fig. 10 shows a suitcase with the luggage tag integrated in the handle of the suitcase. 

Fig. 1 1 shows a cellular phone such as a WAP phone with an integrated luggage detector. 
The luggage detector may utilise the existing facilities of the phone, such as the power 
supply, the screen, the keyboard, the speaker and/or a vibrator. In certain cases the 
35 luggage detector may even use the existing transmitting frequencies and/or the antenna 
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of the cellular phone. The luggage detector could as an example be adapted to use the 
cellular phone for establishing either a phone call or an Internet connection (WAP 
connection) based on the detection of a certain luggage tag or based on a message 
included in a detected luggage tag. 

5 

Fig. 12 shows a situation where a person is waiting for luggage in the baggage claim area 
of an airport. By means of a luggage detector the person is alerted that the luggage is 
within a distance of 10 meters, since the person has adjusted the luggage detector for a 
distance range of 0-10 meters. By means of the luggage detector the person can be 
10 informed about data and conditions related to the luggage. As an example the person can 
get a picture of the luggage or be informed if other persons have communicated with the 
luggage tag, e.g. if the airport staff has either downloaded or uploaded information from 
the luggage tag. 

15 In Fig. 13 the person has forgotten the luggage in a restaurant and is now being alerted 
by the luggage detector. The alert is activated as the distance between the luggage 
detector and the luggage tag exceeds 10 meters. 

Fig. 14 shows a situation wherein security staff in an airport inspects a suitcase left on the 
20 luggage conveyer. By means of a "Main Luggage Detector" the staff may request 

information from any luggage tag. In the shown example the "Main Luggage Detector" has 
received the name, phone number, address and e-mail address of the owner of the 
luggage. The information could also have been related to the flight schedule of the owner 
or to the content of the luggage. 

25 

In the following a number of examples of applications for the system will be described by 
means of examples. 

The Basic function of the invention is directed towards a tag attached to a suitcase or 
30 similar luggage. The tag is used for the notification of a luggage owner when luggage 
enters or leaves a specified area such as a 10 meters radius. In airports the owner avoids 
having to wait in a line in front of the luggage conveyer. Instead the owner is notified when 
the luggage arrives on the conveyer. The owner can also make sure that the luggage 
picked up at the conveyor is the right luggage since only one luggage tag or at least only 
35 selected luggage tags are capable of communicating with the receiver of the owner. 



WO 01/37004 



20 



PCT/DK00/00637 



When the luggage has been picked up, the receiver and/or the tag may be switched into a 
reverse mode wherein the owner of the luggage is notified if the luggage (or at least the 
tag) is moved outside the specified area. The tag and the receiver thus works as an alarm 
5 either towards theft or towards that the owner forgets the luggage. 

The tag may of course not only be attached to luggage but be attached to any kind of 
articles. In the following examples a more general use of the tag for various purpose will 
be given. 

10 

Except from the advantage of tag system for alerting, the system will enable the return of 
articles with a tag to the owner due to information stored in the tag. As an example the 
system will enable that authorities such as police officers or security staff in the airport 
may read the information stored in a tag of a suitcase left over and the information may 
15 lead to the owner. 

When a tag is used for the first time, the user may enter a web site where a list of 
applicable receivers may be selected as the receiving unit of the system. As an example 
the user may select between Palm pilots, mobile phones, PC's, Camcorders or similar 

20 devices capable of communicating according to the Bluetooth™ standard. When the 
receiver has been selected the user may download a software application corresponding 
to the selected device and/or corresponding to the selected use of the tag. If the receiver 
is capable of receiving digital information directly from the Internet, the software will be 
downloaded directly to the receiver. In other cases the software will be downloaded e.g. to 

25 a PC and from the PC downloaded to the receiver by means of Bluetooth™ 

communication or by means of any other data carrier such as a computer disc, a tape or 
similar. 

When the software has been downloaded the Internet connection may be interrupted. In 
30 order to initialise the receiver and/or the tag, the user registers a name, an address or 
similar insignia representing the identity or address of the user. If the receiver is a mobile 
phone the information may be entered by means of the numeric keyboard, if the receiver 
is a palm pilot or a PC the information may of course be entered directly by means of the 
keyboard. The tag is also given a unique insignia in form of a text string such as a name - 
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"my suitcase no.1" a number or similar insignia. The insignia is downloaded from the 
receiver to the tag by use of Bluetooth™ communication. 

When the user wants to use the system, the receiver is activated. If the user owns more 
5 than one tag, the user selects the tag or the tags that is going to be detected by the 
receiver and activates the detection mode. In case one or more of the tags enters a pre- 
specified range, the receiver transmits an attention signal and/or indicates on a display 
which tag is within the range. The user may now switch to reverse mode or the receiver 
may automatically switch to reverse mode. When that tag is moved outside the specified 
10 range the receiver once again transmits an attention signal. Even though the receiver is 
switched into reverse mode for one specific detected tag the receiver may be in regular 
mode for the other specified tags so that an attention signal is transmitted either if 
detected tags are moved outside the specified range or if undetected tags are being 
detected within the pre-specified range. 

15 

The communication between the receiver and the tags is protected so that only selected 
receivers may communicate with the tags. The receivers may be grouped so that one 
group of receivers is capable of communicating or at least capable of receiving 
information from any tag - a class 1 scanner, see description on the next pages. Those 

20 receivers could be sold exclusively to authorities. Another group of receivers may be 
capable of transmitting to any tag without being able to receive information from any tags. 
Those receivers could be sold to people who want to indicate that they have been 
handling e.g. luggage connected to the tag. Another group of receivers may be capable of 
transmitting information to all tags and capable of receiving information from selected 

25 tags. This would be the typical capability of a receiver owned by a regular user of the 
system. 

As an example the tag system may be used for detecting the presence of a child. The tag 
could be provided integrated in a wristband, a waistband, in braces or reins or in 

30 barrettes. The system could be provided for notifying when the kids leave a pre-specified 
range from the receiver. As an example parents could use the system for surveillance of 
the kids while being on the beach, in a supermarket or just at home in the garden. The tag 
could be programmed with the name and address of the child, blood type and/or certain 
allergies such as allergy towards penicillin or anaesthesia so that a lost or even injured 

35 child may quickly be treated and brought back. 
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As another example the tag system may be used for professionals such as by contractors, 
craftsmen, plumbers etc. The tag could as an example be integrated in expensive tools so 
that theft can be detected. The tag may for example be programmed with a tool number 
5 and a description of the type of tool. 

As another example the tag system may be used in connection with sports equipment. 
The tag may be integrated in skies, snowboards, golf bags, bicycles, canoes etc. and by 
means of the receiver the owner of the equipment can be notified if anyone steals the 
10 equipment. The receiver may also be used to ensure that the equipment is not mixed up 
with other people's equipment, which easily could be the case, e.g. outside a ski sports 
restaurant or outside the golf club. 

As another example the tag system may be used for the surveillance of senior citizens, 
15 e.g. for surveillance of persons suffering from senile dementia. Again the tag could be 
programmed with information related to the persons health, address, contact persons etc. 

As another example the tag system may be used for safety purposes. The tag could be 
integrated in safety vests or in off shore gear for persons working on ships, fishing boats, 

20 drilling platforms, shipyards or in similar environments. The tag could further be provided 
with visual signals such as a light that starts flashing when the tag gets outside the pre- 
determined area. The system could furthermore be integrated in other safety and/or 
navigational equipment such as integrated with a GPS system. In that case the GPS 
system could log the position at the moment the tag gets outside the pre-determined area. 

25 The tag could further be provided with GPS equipment so that the tag itself could transmit 
a signal including the position of the tag. 

As another example the tag system could be used for identification and/or location of 
goods send via a mail system or via a shipping system. The tag could as an example be 

30 attached to a container for transportation of goods. The tag could be programmed with 
information relating to the good, such as relating to safety instructions for safe 
transportation of the goods or instructions for customs declaration of the goods. The tag 
could also be connected to equipment for surveillance of the conditions of the container 
such as the humidity or the temperature of the container. If e.g. the temperature gets 

35 outside a pre-determined area, the tag could send an attention signal to the receiver so 
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that the necessary pre-caution may be taken. The connected equipment could also store 
information related e.g. to the temperature in the tag, so that the conditions that the goods 
was subjected to, later can be monitored. The tag could also be used for checking the 
gods in and out between different transportation units. As an example the gods may be 
5 scanned by means of the tag system as it is loaded onto a truck and again when it is 
reloaded onto a ship and so on. In this way the system can support tracking the events of 
the goods and the position of the goods. The information programmed into the tag could 
be coded so that only the owner of the goods and authorities such as the customs or 
police may decode the information or eventually the shipping company may decode at 
10 least part of the information. As an example the information may be stored with different 
coding principles, e.g. so that the shipping company can read the shipping safety 
instructions, but not the actual content of the container. The customs on the other hand 
can decode the customs declaration but may not be able to se all details of the safety 
instruction, whereas the police may be able to decode al available information. 

15 

As another example the tag system may be used in connection with clothes. The tag 
could be integrated in'cloth with the purpose of identifying the person wearing the cloth or 
with the purpose of theft protecting the cloth. The tag could be programmed with a code 
that identifies the person towards the authorities or that verifies the identity of the person 
20 in relation to admittance control etc. 



At a hospital the tag may be used as an electronic identification of the patients and the 
information stored in the tag could relate to the actual medical record for a patient. 

25 The tag could in general be used for connecting people or for alerting people of the 
presence of other people with certain characteristic properties which could be stored in 
the memory. As an example the tags could be used in bars, cafes or discotheques or 
even over the Internet via Internet-enabled mobile phones and PDAs for match-making. 
The people being present e.g. in a bar could all have a tag by means of which they can 

30 exhibit personal characteristics such as age, gender, interests etc. or they could even 
expose poems, a piece of music, a picture or the like. Each tag could be provided with a 
personal identification code and a password and indication of main interests such as to 
find a friend, sport or the like. The information could be stored in the memory of the tag or 
in an Internet database, in which case the tag should carry an address of the information 

35 in the Internet database. As an example, scanners could be installed at the entrance to 
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bars, cafes, pubs and discotheques or at similar places. When a person enters the bar, 
his or her tag will be scanned and the information will be uploaded to the Internet. Visitors 
of the home-page, e.g. people whom have been provided with a login name and a 
password, can now see the profiles of the persons in a particular bar or cafe or 
5 discotheque. Based on the knowledge about the persons in various places the visitor may 
decide which places to visit. 

If a person wants to make contact with a person having a particular interesting profile, an 
e-mail or an SMS-message (Small Message Service for mobile phones) may be 

10 transmitted to that person. Due to the unique identification code of the tags, this may be 
possible even without knowing the name of the person having the profile. The system 
could be provided with a table containing the relations between the unique identification 
codes and either an e-mail address, a phone number an SMS identification code or 
similar identification means that may be used for making contact with the person carrying 

15 the tag. It will thus be possible for people to move anonymously around between bars, by 
not wearing a tag, by switching the tag off or simply by providing a relation between the 
tag and an anonymous address where to be reached. 

As another example the tag could be used in connection with delivery of mail. The tag 

20 could be positioned on or nearby a letterbox. The owner of the letterbox (or the owner of 
the tag) visits a home page dedicated for the delivery of mail. At the home page, the 
owner fills out a form, indicating which kind of mail the owner wants to receive. Certain 
mail groups may thus be cancelled, e.g. in the case the owner does not want advertising 
folders or in the case the owner only wants advertising folders of a certain kind. The 

25 advertising folders could be divided into groups of interest e.g. in relation to food, hobby, 
leisure etc. In the form, the owner also indicates a unique insignia of the tag and optionally 
the name and address of the mail receiver of the letterbox. The owner could also indicate 
holidays or similar periods wherein the owner doesn't want any mail at all. In the future 
customers may sign a very flexible advertising on newspapers, e.g. paying for one paper 

30 a day. Everyday, e.g. before noon, the customer selects from a list on the home page, 
which paper to receive on the succeeding day. The publishers may use the home page to 
find out how many papers of each type to print and the paper man may use the tag 
connected to the letterbox together with a connection to the home page to find out which 
paper to deliver. The home page could also be used to check an account with the 

35 publisher or newspaper. 
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As earlier mentioned the receivers could preferably be grouped into class 1 receivers and 
class 2 receivers. Class 1 receivers could be provided to airport staff, railways station 
staff, lost property offices etc. The receiver is primarily adapted to receive and decode 
5 information with the purpose of receiving address information from the tags. Class 2 
receivers could be provided to authorities, police, security staff, hospital staff etc, and be 
capable of receiving and decoding more sensitive or personal information from the tags. 
Finally of course a system user should be provided with a receiver capable of receiving all 
available information from those tags belonging to that user plus being capable of 
10 downloading information to those tags. 
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CLAIMS 

1 . An object detection system comprising: 

5 - at least one first transmitting unit to be located near the object, the first unit having an 
identity and being provided with a transmitter for transmitting a first signal representing 
the identity of the first transmitting unit, and 
- a receiving unit provided with a receiver for receiving the first signal, the receiving unit 
being adapted to generate a second signal in case the first signal represents the 
1 0 identity of one of said at least one first transmitting unit, 

the receiving unit being adapted to receive the first signal when the distance between the 
first transmitting unit and the receiving unit is within a predetermined interval. 

15 2. A system according to claim 1 , wherein the first transmitting unit comprises an active 
transmitting unit, provided with power driven means for transmitting the first signal in the 
form of a radio signal and wherein the first transmitting unit comprises a power source. 

3. A system according to claim 1 or 2, wherein the second signal comprises a signal 
20 selected from the group consisting of an acoustic signal, an optical signal, a motional 

signal, a radio signal, and an infrared signal. 

4. A system according to any of claims 1-3, wherein the first unit comprises an electronic 
data processing unit, and wherein the first unit is adapted to receive an activation signal, 

25 the electronic data processing unit being adapted to activate transmission of said first 
signal in response to a recognition of the activation signal. 

5. A system according to claim 4, wherein the activation signal is transmitted by a second 
transmitting unit 

30 

6. A system according to claim 4, wherein the activation signal is generated by a switch 
operationally connected to the first unit. 

7. A system according to any of claims 4-6, wherein the activation signal comprises an 
35 insignia representing an identity of the second transmitting unit. 
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8. A system according to any of claims 4-7, wherein the activation signal comprises an 
insignia representing an identity of the first transmitting unit. 

5 9. A system according to any of the preceding claims, further comprising an initialisation 
unit adapted to transmit an initialisation signal to the first transmitting unit, the first 
transmitting unit comprising memory means for storing data representative of the 
initialisation signal. 

10 10. A system according to any of the preceding claims, wherein at least one of either 

- the first signal, 

- the second signal, 

- the activation signal, and 
15 - the initialisation signal 

is transmitted as a radio signal with a frequency range, the frequency range being in the 
order of 2,4 GHz. 

20 1 1 . A system according to any of the preceding claims, wherein the first unit is adapted to 
operate in a first mode and a second mode, the power consumption of the first unit when 
operating in the first mode being lower than the power consumption of the first unit when 
operating in the second mode. 

25 1 2. A system according to claim 1 0 and 1 1 , wherein the first unit is adapted to shift from 
the operation in the first mode to operation in the second mode upon detection of a radio 
signal within the frequency range. 

13. A system according to claim 11 or 12, wherein the first and/or the second unit is 
30 adapted to select a radio frequency band within said frequency range for the transmission 
of the first and second signal, the frequency band being selected from a number of 
predefined frequency bands. 
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14. A system according to any of the preceding claims, wherein the predetermined 
interval is 0,01-10000 meters, such as 10-90 meters, such as 20-80 meters or such as 1- 
1 0 meters. 

5 15. A system according to any of the preceding claims, wherein the receiving unit 
comprises data input means for user input of the predetermined interval. 

16. A system according to any of the preceding claims, wherein the first and/or the second 
signal contains a message. 

10 

17. A system according to claim 16, wherein the message is encrypted by the first 
transmitting unit, and wherein the receiving unit is adapted to decrypt the message. 

18. A system according to claim 17, wherein the message is encrypted by means of an 
1 5 encryption key stored in the memory means. 

19. A system according to claim 17, wherein the encryption key is part of the initialisation 
data. 

20 20. A system according to any of claims 16-19, wherein the receiving unit is adapted to 
generate a notification signal in response to the message. 

21. A system according to any of claims 16-19, wherein the receiving unit comprises a 
display adapted to represent data representative of the message. 

25 

22. A system according to any of claims 9-21 , wherein the initialisation unit is integrated in 
the receiving unit. 

23. A system according to any of the preceding claims, wherein the receiving unit is 
30 integrated in a cellular phone. 

24. A system according to any of the preceding claims, wherein the receiving unit is 
integrated in a palm pilot. 
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25. A system according to any of the preceding claims, wherein the signal is transmitted 
with a communication protocol, and wherein the protocol corresponds to the protocol for 
Bluetooth™ communication. 

5 26. A system according to any of the preceding claims, wherein the first and the second 
signal is transmitted as an acoustic signal. 

27. A system according to claim 26, wherein the frequency of the acoustic signal is 
between 20 kHz and 50 kHz, such as 25 kHz. 

10 

28. A system according to any of the preceding claims, wherein the first and the second 
signal is transmitted as an optic signal. 

29. A system according to claim 28, wherein the optic signal is an infrared signal. 

15 

30. A system according to any of the preceding claims, wherein the first and the second 
signal is transmitted as digital and modulated signals. 

31. A system according to any of the preceding claims, wherein the first unit is adapted to 
20 shift from the operation in the first mode to operation in the second mode upon detection 

of an optical effect. 

32. A system according to any of the preceding claims, wherein the first unit is adapted to 
shift from the operation in the first mode to operation in the second mode upon detection 

25 of a mechanical effect. 

33. A system according to any of the preceding claims, wherein the receiving unit is 
comprised in a key ring, 

30 34. A system according to any of the preceding claims, wherein the luggage is a suitcase 
and wherein the first unit is integrated in the suitcase. 

35. A system according to any of the preceding claims, wherein the receiving unit is 
adapted to generate the second signal in case the distance between the first transmitting 
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unit and the receiving unit changes from being inside the predetermined interval to being 
outside the predetermined interval. 

36. A system according to any of the preceding claims, wherein the receiving unit is 

5 adapted to generate a third signal representing the distance between the first transmitting 
unit and the receiving unit. 

37. A system according to any of the preceding claims, wherein the receiving unit is 
adapted to generate a fourth signal representing a distance deviation between the first 

10 transmitting unit and the receiving unit. 

38. A receiving unit for use as the receiving unit of the system according to any of the 
claims 1-36. 

15 39. A transmitting unit for use as the transmitting unit of the system according to any of 
the claims 1-36. 

40. A luggage detection system comprising: 

20 - at least one transmitting unit to be located near the luggage, the unit having an identity 
and being provided with a power driven transmitter and a power source for 
transmitting a first signal representing the identity of the first transmitting unit, and 

- a receiving unit provided with a receiver for receiving the first signal, the receiving unit 
being adapted to generate a second signal in case the first signal represents the 

25 identity of one of said at least one first transmitting unit, 

the receiving unit being adapted to receive the first signal when the distance between the 
first transmitting unit and the receiving unit is within a predetermined interval. 

30 41. A method of detecting luggage, said method comprising the steps of: 

- attaching transmitting unit to the luggage, the unit having an identity and being 
provided with a power driven transmitter for transmitting a signal representing the 
identity of the unit and a power source, and 

35 - using a receiving unit provided with a receiver for receiving the first signal, and 
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- analysing the signal so as to determine the identity. 

42. A computer system for handling luggage, said computer system having processing 
means, input means for user provided input, output means and storage means having 

5 stored therein a computer program said processing means being adapted, in response to 
commands from said computer program, to: 

- receive a signal from a transmitting unit, 

- based on the received signal, to determine the identity of the transmitting unit, 
10 and 

- to generate a signal in case the identity of the transmitting unit is identical to a 
reference identity. 

43. A computer program for an electronic processing system, the computer program being 
1 5 adapted to perform the method of claim 40. 
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(54) Passenger, baggage, and cargo reconciliation system 



(57) A radio frequency identification system, using 
modulated backscatter radio communications, is dis- 
closed which supports the automated reconciliation of 
passengers, baggage, and cargo on a transport. A bag- 
gage tag (105) is attached to each piece of checked 
baggage, where the baggage tag is a read-only tag with 
modulated backscatter radio capability. Thus, each 
piece of checked baggage can be identified for sorta- 
tion, and also identified to ascertain if it has been loaded 
onto a particular aircraft. Pieces of baggage can be 
either loaded directly onto an aircraft, or loaded onto a 
cargo container, where a cargo tag (105) is attached to 
the cargo container; the cargo tag is a read-write tag 
with modulated backscatter radio capability. The aircraft 
itself may be equipped with aircraft tags (105), which 
could be read-only or read-write tags with modulated 
backscatter radio capability. Aircraft tags allow a posi- 
tive association between the identity of the baggage or 
cargo container being loaded, the aircraft on which it is 
being loaded, and the cargo bay doorway through which 
it is being loaded. To identify passengers, several alter- 
^ natives are disclosed. In one embodiment, a magnetic 
. boarding pass can be used with a magnetic stripe con- 
taining information about this passenger. In this embod- 
CO iment, the passenger is responsible for inserting the 
t- magnetic boarding pass into a magnetic card*eader as 
lO the passenger boards the flight. In another embodi- 
& ment, a radio boarding pass could be used. The radio 
O boarding pass resembles a conventional boarding pass, 
n 
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however it has read-only modulated backscatter radio 
capability, perhaps identical with the technology used 
for the baggage tag. The radio boarding pass can be 
read as the passenger boards the aircraft. In an alter- 
nate embodiment, the passenger can have a passenger 
card, which is a read-write tag with modulated backscat- 
ter capability. The passenger card can be read as the 
passenger boards the aircraft, to identify the passenger. 
Alternately, the passenger card can be used for a 
number of enhanced passenger service applications in 
a generalized transportation environment. 
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Description 

Related Applications 

Related subject matter is disclosed in the following 
applications filed concurrently herewith and assigned to 
the same Assignee hereof: U.S. patent applications 
"Shielding Technology In Modulated Backscatter Sys- 
tem," Serial No. ; "Encryption for 

Modulated Backscatter Systems," Serial No. 

; "QPSK Modulated Backscatter 

System," Serial No. ; "Modulated 

Backscatter Location System," Serial No. 

; "Antenna Array In An RFID 

System," Serial No. ; "Subcarrier 

Fluency Division Multiplexing Of Modulated Backscatter 
Signals," Serial No. ; "IQ Com- 
biner Technology In Modulated Backscatter System," 

Serial No. ; "In-Building Personal 

Pager And Identifier," Serial No ; 

"In-Building Modulated Backscatter System," Serial No. 

; and "Inexpensive Modulated 

Backscatter Reflector," Serial No. 

. Related subject matter is also 

disclosed in the following applications assigned to the 
same assignee hereof: U.S. patent application 
08/504188, entitled "Modulated Backscatter Communi- 
cations System Having An Extended Range"; U.S. Pat- 
ent Application Serial No 08/492,173, entitled "Dual 
Mode Modulated Backscatter System,"; U.S. Patent 
Application Serial No. 08/492,174, entitled "Full Duplex 
Modulated Backscatter System,"; and U.S. Patent 
Application Serial No. 08/571,004, entitled "Enhanced 
Uplink Modulated Backscatter System." Related subject 
matter is also disclosed in the following U.S. Patents: 
U.S. Patent No. 4,711,994, U.S. Patent No. 5,051,565, 
and U.S. Patent No. 5,478,991. 

Field of the Invention 

This invention relates to wireless communication 
systems and, more particularly, to a wireless communi- 
cation system using modulated backscatter technology. 

Background of the Invention 

In the transportation industry, four types of objects 
are typically transported; passengers, cargo, baggage 
associated with specific passengers, and cargo not 
associated with any passengers. To reconcile passen- 
gers, cargo, and/or baggage at the start and/or end of 
transport, it is important to know which passengers are 
"on board," which cargo and pieces of baggage are on 
board, and which cargo and pieces of baggage belong 
to which passengers, if any. Such reconciliation is per- 
formed using a passenger, baggage, and cargo recon- 
ciliation system. For illustrative purposes of this 
application, reconciliation systems will be described 



herein w'rth reference to aircraft as the transportation 
mechanism. 

Consider a commercial airline flight with passen- 
gers, baggage, and cargo on board the aircraft. The 

5 passengers board the passenger compartment of the 
aircraft and the baggage and cargo are stored in the 
cargo compartments of the aircraft. In larger or contain- 
erized aircraft, smaller pieces of baggage or cargo are 
stored in containers, which are then loaded onto the air- 

10 craft. Note that the term "container" includes, but is not 
limited to, containers and pallets. Smaller aircraft are 
typically "non-containerized" in the sense that the size 
of the cargo compartment is insufficient to accommo- 
date the containers used in larger aircraft. Such aircraft 

15 are "freeloaded," i.e., each piece of baggage is manu- 
ally loaded onto and removed from the aircraft. On a 
freeloaded aircraft, the pieces of baggage are typically 
transported up a moving ramp from the ground to the 
doorway of the cargo compartment. Note that some 

20 containerized aircraft may have portions of the cargo 
compartment that are insufficient to accommodate con- 
tainers. In such containerized aircraft, a combination of 
freeloading and containerized loading techniques is 
used. 

25 Let us consider some of the information the Recon- 
ciliation System should include for an aircraft. First, the 
Reconciliation System should include information 
regarding the identity of each passenger boarding the 
aircraft. Checking in for a flight does not guarantee that 

30 a passenger boards the aircraft. It is not uncommon for 
a passenger to arrive at the airport, check in at the gate 
and be given a boarding pass, and then fail to board the 
aircraft; such failure could be caused by the passenger 
being in the duty free shop, changing his/her mind about 

35 traveling, deciding to take a different flight, etc. Further- 
more, the number of passengers on board and how 
those passengers are seated constitutes information 
used by the flight crew to plan a safe flight. 

Second, the Reconciliation System should also 

40 include information regarding the baggage associated 
with the passengers. The passengers typically checked 
in their baggage at an airport curb or a check-in station. 
A baggage tag is usually attached to each piece of bag- 
gage, wherein a baggage tag is a paper with printed 

45 information, such as the name of the destination city 
and one or more flight numbers. More recently, a bar 
code having a "license plate" identification is also 
printed on the baggage tag, wherein the license plate 
includes a set of numbers and/or letters that identifies 

so the originating airline and an index number that identi- 
fies the corresponding piece of baggage. The license 
plate is entered in a computer system and is typically 
associated with the passenger checking-in the baggage 
and his/her itinerary. The baggage is subsequently 

55 sorted and routed to the proper aircraft using the infor- 
mation contained in the baggage tag. Specifically, a 
baggage handler sorts and routes the baggage to an 
airport gate by reading the baggage tag manually or 
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with an optical bar code reader. At the gate, assuming a 
containerized aircraft, the pieces of baggage are loaded 
onto containers, which are then loaded onto the proper 
aircraft. At the conclusion of the flight, the process is 
reversed. For a non-containerized aircraft, the pieces of s 
baggage are loaded directly onto the aircraft and, at the 
conclusion of the flight, the process is reversed. 

Finally, the Reconciliation System should also 
include information regarding the cargo to be loaded 
onto the aircraft. The cargo is sorted and then loaded 10 
onto the proper container, assuming a containerized air- 
craft. The container is then routed to and loaded onto 
the proper aircraft. At the conclusion of the flight, the 
process is reversed. For the purpose of this application, 
discussions involving baggage should be construed to is 
include cargo unless otherwise specified. 

Passenger, Baggage and Cargo Reconciliation 
Systems of today are unreliable for the following rea- 
sons. As mentioned above, a record of a passenger 
checking in at the gate gives no assurance that the pas- 20 
senger is actually on board the aircraft. A more reliable 
mechanism to determine which passengers are on 
board is required. From the baggage perspective, there 
are several problem areas. First, the bar code on the 
baggage tag are not a reliable source of information 25 
because the baggage tag may wrinkle and fade due to 
frequent handling, thereby causing a significant per- 
centage of attempts to read bar codes ending in failure. 
For a piece of baggage that has been through one or 
two "hops", and has therefore been handled frequently, 30 
it is not uncommon for the percentage of bar codes that 
can be successfully read to be near 50%. Bar codes 
unsuccessfully read must be manually processed, 
therefore adding expense, time and human error. Sec- 
ond, once the bar code is read (either manually or with 35 
the optical bar code reader), there is no guarantee that 
the piece of baggage is actually loaded onto the correct 
aircraft, or even loaded onto any aircraft. It could be 
overlooked at the gate, loaded onto the wrong con- 
tainer, or the container could be loaded onto the wrong 40 
aircraft. Third, after the piece of baggage is loaded, if 
the associated passenger does not board the aircraft, it 
may become necessary to unload that piece of baggage 
for safety reasons, e.g., prevention of the placement of 
bombs on an aircraft by a terrorist. In such a situation, 45 
the airline either finds the passenger and have that pas- 
senger board the aircraft, or the airline unloads the cor- 
responding piece of baggage. Depending on the 
Reconciliation System used, it may not be easy to 
determine where in the aircraft a piece of baggage is so 
located. Therefore, valuable time could be lost search- 
ing for a particular piece of baggage. On some interna- 
tional flights, this process could delay a flight by as 
much as two hours. 

There are elements of today's technology which 55 
could be of benefit in solving some of the aforemen- 
tioned problem. The following are some examples. A 
passenger's boarding pass include a magnetic stripe 



which identifies that passenger, wherein the magnetic 
stripe is read into an airline's computer system as that 
passenger boards the aircraft. Such a system is now 
being deployed by some airlines. The bar code of the 
baggage tag could also include information that identi- 
fies each piece of baggage in a manner similar to a 
social security number. This information could be read 
into the airline's computer system as the baggage is 
either freeloaded onto the aircraft or the container. Like- 
wise, the container could also be identified with a bar 
code and read into the airline's computer system as it is 
loaded onto the aircraft. An association could be made 
on the airline's computer system to indicate which 
pieces of baggage are associated with each passenger, 
and whether the passenger has boarded the aicraft 
and/or the associated pieces of baggage have been 
loaded onto the aircraft. 

The above-mentioned solution, however, is costly in 
terms of staff effort and time -- especially with respect to 
the baggage and cargo portions of the solution. In the 
above-mentioned solution, each element of cargo or 
baggage must be individually and successfully 
scanned, thereby leading to significant overhead. In 
addition, the bar codes deteriorate after they have been 
repeatedly handled making them more difficult to suc- 
cessfully scan. 

One prior art Reconciliation System uses machine 
readable labels on the passenger's boarding pass and 
on the baggage tag that supports a computer system 
performing reconciliation functions. In such a system, 
the machine readable labels generally store little infor- 
mation, such as information similar to the "license plate" 
mentioned above. In another prior art Reconciliation 
System, an identification tag readable with electromag- 
netic is attached to the baggage tag. This prior art Rec- 
onciliation System integrates a specific design of a 
paper baggage tag with electromagnetic reading capa- 
bility. In all of these prior art Reconciliation Systems, the 
passenger and baggage tags are "read-only" and hold 
relatively little data and rely on a central database to 
perform the reconciliation functions. Furthermore, the 
prior art Reconciliation Systems do not provide a direct 
way to determine the specific container in which a piece 
of baggage has been loaded. In the event a particular 
piece of baggage must be removed from the flight, it is 
imperative that the location (i.e., which container) of the 
baggage be known. 

Accordingly, there exist a need for a Reconciliation 
System that has very high reliability in reading data, no 
manual intervention required to read such data, and the 
ability to integrate passengers, baggage, cargo, and 
containers using a single communication infrastructure. 

Summary of the Invention 

The present invention discloses a communication 
system that includes a radio frequency identification 
using modulated backscattering. In one embodiment, 
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the communication system is used for the reconciliation 
of passengers, baggage and cargo on a transport. Spe- 
cifically, the communication system comprises interro- 
gators for transmitting downlink signals and receiving 
uplink signals, and tags for receiving the downlink sig- 5 
nals and transmitting the uplink signals. The tags are 
operable to demodulate a first information signal from a 
downlink signal and generate a second information sig- 
nal having a data rate f, wherein the contents and data 
rate f of the second information signal depends on the 10 
contents of the first information signal. Subsequently, 
the second information signal and a subcarrier signal is 
used to generate an output signal, which is used to 
modulate backscatter the downlink signal. 

In one embodiment, the tag includes a modulator is 
that generates an output signal by modulating the sec- 
ond information signal onto the subcarrier signal if the 
second information signal is not a single bit message. If 
the second information signal is a single bit message, 
the modulator generates an output signal that is an 20 
unmodulated subcarrier signal. In another embodiment 
of the present invention, the interrogators include a nar- 
rowband filter for filtering noise from the uplink signals. 

In one embodiment, the downlink signal includes an 
interrogation signal which instructs one or more tags 25 
receiving the downlink signal to transmit an uplink signal 
which includes data stored in a memory of the tag. In 
another embodiment of the invention, the downlink sig- 
nal includes a tag address and a location signal which 
instructs the tag corresponding to the tag address to 30 
transmit an uplink signal that can be used to locate the 
tag. In another embodiment, the downlink signal 
includes a tag address and data which is to be stored in 
the tag corresponding to the tag address. 

Brief Description ol the Drawing 

The features, aspects, and advantages of the 
present invention will become better understood with 
regard to the following description, appended claims, 40 
and accompanying drawings where: 

FIG. 1 shows a block diagram of an illustrative 
Radio Frequency Identification (RFID) system; 
FIG. 2 shows a block diagram of an illustrative Inter- 45 
rogator Unit used in the RFID system of FIG. 1 ; 
FIG. 3 shows a block diagram of a Tag Unit used in 
the RFID system of FIG. 1; 
FIG. 4 shows the relationships among the Interro- 
gation, Location Mode, and Messaging Mode so 
Ranges; 

FIG. 5 shows the relationships among the Uplink 
Range for the Interrogation, the Uplink Range for 
the Messaging Modes, and the downlink Range for 
all three Modes; ss 
FIG. 6 shows a Radio baggage tag; 
FIG. 7 shows a block diagram of the electronics of 
the Radio baggage tag of FIG. 6; 



FIG. 8 shows how a Cargo Container, with an 
attached Container Tag, is identified and loaded 
onto an Aircraft; and 

FIG. 9 shows a Passenger entering a Gateway that 
leads to an aircraft, and how the Passenger is iden- 
tified. 

Detailed Description 

The present invention is a Reconciliation System 
having a Radio Frequency Identification (RFID) system 
using Modulated Backscatter (MBS). In one embodi- 
ment of the present invention, the Reconciliation Sys- 
tem utilizes Tags that are capable of transmitting data at 
various data rates, wherein the slower data rates extend 
the range of the Reconciliation System, as will be 
described herein. 

RFID Systems 

Radio Frequency Identification (RFID) systems are 
used for identification and/or trading of equipment, 
inventory, or living things. RFID systems are radio com- 
munication systems that communicate between a radio 
transceiver, called an Interrogator, and a number of 
inexpensive devices called Tags. In RFID systems, the 
Interrogator communicates to the Tags using modulated 
radio signals, and the Tags respond with modulated 
radio signals. Specifically, the Interrogator transmits an 
amplitude modulated signal to the Tag, and then trans- 
mits a Continuous-Wave (CW) radio signal to the Tag. 
The Tag modulates the CW radio signal using Modu- 
lated BackScattering (MBS) where the antenna is elec- 
trically switched, by a Tag's modulating signal, from 
being an absorber of RF radiation to being a reflector of 
RF radiation, thereby encoding a Tag's information onto 
the CW radio signal being reflected. The Interrogator 
demodulates the incoming CW modulated radio signal 
and decodes the Tag's information. 

MBS Operation 

Referring to FIG. 1, there is shown an overall block 
diagram of a Radio Frequency Identification (RFID) sys- 
tem in accordance with one embodiment of the present 
invention. As shown in FIG. 1, an Application Processor 
101 communicates over a Local Area Network (LAN) or 
Wide Area Network (WAN) 102 to a plurality of Interro- 
gators 103 which, in turn, communicate with one or 
more Tags 105. Referring to FIG. 2, there is shown a 
block diagram of an illustrative Interrogator 103 As 
shown in FIG. 2, a processor 200 receives an Informa- 
tion Signal 101a from the LAN 102. The processor 200 
subsequently formats the Information Signal 101a into 
an Information Signal 200a. A Modulator 202 modulates 
the Information Signal 200a onto a Radio Signal 201a 
(also referred to herein as a "carrier signal") generated 
by a Radio Signal Source 201, thereby creating a First 
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Modulated Signal 202a (also refereed to herein as a 
"Modulated Carrier Signal") which is then transmitted by 
a Transmitter 203 via Antenna 204. Upon transmission 
of the First Modulated Signal 202a, the Interrogator 103 
then transmits a continuous wave (CW) radio signal. 
Transmission from the Interrogator is referred to herein 
as a Downlink. Thus, the transmitted First Modulated 
Signal and CW radio signal constitutes a Downlink Sig- 
nal 204a. 

In one embodiment, the First Modulated Signal 
202a is transmitted using amplitude modulation. In this 
embodiment, amplitude modulation is chosen because 
amplitude modulated signals can be demodulated by 
the Tag with a single inexpensive nonlinear device such 
as a diode. 

Referring to FIG. 3, there is shown a block diagram 
of an illustrative Tag 105. As shown in FIG. 3, the Tag 
105 includes an Antenna 301, such as a loop or patch 
antenna, for receiving the Downlink Signal 204a trans- 
mitted by the Interrogator 103. The First Modulated Sig- 
nal of the Downlink Signal 204a is demodulated, directly 
to baseband, using a Detector/Modulator 302 ~ that is, 
the resulting demodulated signal 302a is essentially the 
Information Signal 200a. In one embodiment, the 
Detector/Modulator 302 is a microwave diode, such as 
the well-known Schottky diode. To minimize signal loss 
of the First Modulated Signal, the Detector/Modulator 
302 should be appropriately biased with the proper cur- 
rent level in order to match the impedance of the 
Antenna 301 to the Detector/Modulator 302. 

The Demodulated Signal 302a is then amplified by 
an Amplifier 303 and synchronization recovered in a 
Clock and Frame Recovery Circuit 304. The resulting 
Recovered Signal 304a is sent to a Processor 305, 
where the Recovered Signal 304a is analyzed - that is, 
the Processor 305 examines the content of the Informa- 
tion Signal 200a. Note that the Processor 312 includes 
a crystal oscillator 312 for providing timing information. 
In one embodiment, the Processor 305 is typically an 
inexpensive 4- or 8-bit microprocessor, and the Clock 
and Frame Recovery Circuit 304 is implemented in an 
ASIC (Applied Specific Integrated Circuit) which coop- 
erates with the Processor 305. For purposes of this 
application, the term processor includes, but is not lim- 
ited to, processors, micro-processors, and ASICs. 

Depending on the content of the Information Signal 
200a, the Processor 305 then generates another Infor- 
mation Signal 306 to be sent from the Tag 105 back to 
the Interrogator 103. The Information Signal 306 is pro- 
vided as input to a Modulator Control Circuit 307, which 
uses the Information Signal 306 to modulate a Subcar- 
rier Signal 308a generated by a Frequency Source 308. 
In one embodiment, the Frequency Source 308 is 
derived from the crystal oscillator 312, or is a crystal 
oscillator separate from the Processor 305. In another 
embodiment, the frequency source is derived from sig- 
nals present inside the Processor 305 - such as a divi- 
sor of the primary clock frequency of the Processor. 



The Modulated Control Circuit 307 outputs a Modu- 
lated Subcarrier Signal 311, which is used by the Detec- 
tor/Modulator 302 to modulate the CW radio signal of 
the Downlink Signal 202a, thereby producing a Modu- 

5 lated Backscatter (e.g., reflected) Signal 301a. Note 
that transmission from the Tag to the Interrogator is 
referred to herein as an Uplink. Thus, the Modulated 
Backscatter Signal constitutes an Uplink Signal. 

In one embodiment, the presence of the Modulated 

10 Subcarrier Signal 311 (or lack thereof) causes the 
Detector/Modulator 302, e.g., Schottky diode, to change 
the reflectance, i.e., impedance, of the Antenna 301 ~ 
for example, the impedance of the antenna is changed 
from zero to infinity. 

is Power is provided to the circuitry of the Tag by a 
power source 310. For purposes of this application, the 
term "power source" includes, but is not limited to, bat- 
teries and devices operable to transform microwave or 
magnetic energy into electrical energy, such as rectifi- 

so ers and inductive couplings. 

It has been found that considerable advantages are 
present to an MBS design that uses a single frequency 
subcarrier. Many modulation schemes are possible. 
These modulation schemes include, but are not limited 

25 to, Phase Shift Keying (PSK) of the subcarrier (e.g., 
BPSK, QPSK) and more complex modulation schemes 
(e.g., MSK, GMSK). 

Referring back to FIG. 2, the Interrogator 103 
receives the Uplink Signal 301 a with a Receive Antenna 

30 206, amplifies the Uplink Signal 301 a with a Low Noise 
Amplifier 207, thereby obtaining an Amplified Signal 
207a. The Amplified Signal 207a is provided as input to 
a Mixer 208, which uses homodyne detection to demod- 
ulate the Amplified Signal 207a down to the intermedi- 

35 ate frequency (IF) corresponding to the subcarrier 
signal 308a (frequency f s ) - that is, the Radio Signal 
201a is used to demodulate the Amplified Signal 207a 
to obtain a Demodulated Signal 209, which is essen- 
tially the Modulated Subcarrier Signal 311. Note that 

40 such homodyne detection has advantages in that it 
greatly reduces phase noise in the receiver circuits. 
Subsequently, the Mixer 208 sends the Demodulated 
Signal 209 into a Filter/Amplifier 210 where the Demod- 
ulated Signal 209 is filter The resulting Filtered Signal 

45 211 is then demodulated in a Subcarrier Demodulator 

212 to obtain an Information Signal 213, which is essen- 
tially the Information Signal 306. The Information Signal 

213 is provided as input to a Processor 200 to deter- 
mine the content of the Information Signal 213. Note 

so that if the Mixer 208 is a Quadrature Mixer, the Mixer 
208 will send both I (in phase) and Q (quadrature) sig- 
nals. In such a case, the I and Q channels of Demodu- 
lated Signal 209 can be combined in the Filter/Amplifier 
210, in the Subcarrier Demodulator 212, or in the Proc- 

55 essor 200. 

In an alternate embodiment of the present inven- 
tion, the Interrogator includes a single antenna for trans- 
mitting and receiving radio signals. In this embodiment, 
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an electronic method of separating the transmitted sig- 
nal from that received by the receiver chain is needed. 
This could be accomplished by a device such as a Cir- 
culator, which is well-known in the art. 

The present invention includes several implementa- 
tions of the Subcarrier Demodulator 212. These imple- 
mentations include, but are not limited to, conventional 
analog l/Q demodulation of the subcarrier signal using, 
e.g., a Costas Loop, Digital Signal Processing (DSP) of 
the sampled subcarrier, or implementing a receiver in 
digital logic. Since minimizing the system cost is one 
objective, one embodiment of the present invention 
implements the Subcarrier Demodulator in digital logic. 

Range Extension 

The performance of the present invention can be 
enhanced by extending the range of the RFID system. 
Essentially, this involves extending the ranges of the 
Downlink and the Uplink. Extending the range of the 
Downlink involves several factors. First, the range of the 
Downlink can be extended by minimizing signal loss. As 
mentioned earlier, in one embodiment, the Downlink is 
an amplitude modulated signal which is easily and inex- 
pensively detected by a Detector/Modulator that is a 
single nonlinear device, such as a microwave or 
Schottky diode. To minimize signal loss from the 
antenna 301 to the nonlinear Detector/Modulator, it is 
important to match the impedance from the antenna to 
the diode. Second, the data rate of the Downlink can be 
limited to reduce the noise bandwidth of the Downlink 
signal. Third, the Antenna 301 of the Tag can be used to 
filter out RF signals outside of the antenna bandwidth 
(in additional to receiving RF signals). For example, at 
2.45 GHz, allowable RF carrier frequencies are from 
2.400 - 2.485 GHz. The design of the antenna, such as 
a patch antenna, covers this frequency band but filters 
out frequencies beyond this range. An ideal frequency 
response would be for antenna sensitivity to be within 3 
dB across the allowable frequency range, but to fall off 
rapidly beyond this range. Furthermore, the Amplifier 
303 can also act as a filter in the sense that the Amplifier 
can be designed to only pass signals that are within a 
certain passband around the expected Downlink data 
rate, which typically ranges from a few kilobits per sec- 
ond up to tens of kilobits per second The above- 
described Tag design is not greatly sensitive to RF 
transmissions inside the frequency band of the antenna, 
whose modulation scheme is primarily a constant enve- 
lope. Thus, such Tag design allows a robust Tag which 
is resistant to many potential interfering signals. 

Extending the range of the Uplink also involves sev- 
eral factors. First, the noise bandwidth of the Uplink sig- 
nal could be reduced by decreasing the data rate as 
much as possible. The number of useful applications 
that can be implemented is not limited if the data rate of 
the Uplink signal is limited to a few bits per second. The 
limitation of the data rate can be taken to the extreme in 



which there is no data modulated onto the single sub- 
carrier frequency. In such a case, the mere presence or 
absence of a signal received at this subcarrier fre- 
quency can indicate an "acknowledgment" or "no 

5 acknowledgment" to a previous message. Second, the 
range of the Uplink can be extended using narrowband 
filtering of a subcarrier signal, wherein the subcarrier 
signal can be relatively accurately determined. In one 
embodiment, the frequency source 308 generates a 

10 subcarrier signal with a relatively accurate frequency. 
For example, the Frequency Source 308 can be a com- 
mercially available and inexpensive crystal oscillator 
with a frequency of 32kHz, and an accuracy of ± 100 
ppm ~ that is, the frequency of the crystal oscillator is 

is known to within ± 3.2 Hz. In one embodiment, narrow- 
band filtering is implemented in the Interrogator using a 
processor 210a, such as a digital signal processor 
(DSP), that performs the functions of the Filter Amplifier 
210 and the Subcarrier Demodulator 217. In this 

so embodiment, the processor 210a uses narrowband fil- 
tering algorithms, which are well-known in the art, to 
perform digital filtering of the signal with a bandwidth of 
less than 10 Hz, and first sidelobes that are depressed 
60 dB. Then, the signal strength of the signal received 

25 through this digital signal processor 210a is measured, 
and that strength is compared to a reference signal 
strength which is sufficiently above the average noise in 
that channel when no signal is present such that spuri- 
ous noise spikes are not misinterpreted as actual sig- 

3 0 nals. In this manner, very weak Uplink signals can be 
reliably detected. It has been found that, using these 
techniques, roughly equivalent range in the Downlink 
and the Uplink can be achieved. 

We now discuss the location of the subcarrier fre- 

35 quency f s s. MBS systems exhibit noise in the Uplink sig- 
nals due to reflections of the RF source from any 
number of reflectors. There are typically two categories 
of reflectors: reflectors that reflect signals at the same 
carrier frequency at which the signal was transmitted, 

40 and reflectors that reflect signals at frequencies away 
from the carrier frequency at which the signal was trans- 
mitted. The former category includes walls and metal 
objects. Signals reflected from these reflectors have an 
arbitrary phase relationship with respect to the carrier 

45 signal. To cancel the reflections, a Quadrature Mixer 
208 operating as a Homodyne Detector is used. The lat- 
ter category of reflectors generates reflected noise at 
frequencies away from the main carrier frequency - 
either from Doppler shifts (caused by moving metallic 

so objects) or from reflections off of electronic equipment 
operating at frequencies near the Subcarrier Frequency. 
One particularly difficult source of noise is fluorescent 
lights, which have been shown to produce noise not 
only at their fundamental 60 Hz (in the United States) 

55 frequency, but also at overtone frequencies well up into 
the tens of thousands of Hertz. It has been found espe- 
cially helpful to locate the subcarrier frequency f s such 
that it falls between multiples of the fundamental 60 Hz 
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frequency. In one embodiment, a 32 kHz crystal oscilla- 
tor is used to generate a subcarrier frequency that 
meets this requirement. 

Multiple Mode Operation s 

In one embodiment, the Reconciliation System is 
capable of multi-mode operation. In this embodiment, 
the Tags and Interrogator are operable to transmit data 
at a high data rate and a low data rate. Note that other 10 
data rate modes are also possible, and the present 
invention should not be construed to be limited to the 
two aforementioned data rates. In one embodiment of 
the present invention, actual data messages, e.g., multi- 
bit or high bit messages, are transmitted and received 15 
by the Reconciliation System using the high data rate 
mode, and acknowledgment messages, e.g„ single or 
low bit messages, are transmitted and received by the 
Reconciliation System using the low data rate mode. 

Advantageously, the low data rate mode provides 20 
the Reconciliation System of the present invention with 
enhanced range. As discussed earlier, the low bit rate 
mode is used to transmit the acknowledgment mes- 
sages which are typically one bit or relatively low bits. 
Because of this fact, the acknowledgment messages ss 
could be transmitted over smaller frequency bands than 
actual data messages. Smaller frequency bands permit 
the application of narrowband filtering of noise outside 
the frequency band, thereby enhancing the range the 
acknowledgment message could be transmitted. 30 

As discussed above, to send a single bit of informa- 
tion, the Tag could generate an unmodulated subcarrier 
frequency which could be modulated onto the incident 
signal, i.e., reflected continuous wave radio signal, 
using modulated backscatter. The Interrogator would 35 
then receive a reflected signal with a single frequency 
tone. Narrowband filtering techniques could then be 
used to reduce the noise bandwidth and determine the 
presence or absence of this signal. 

In operation, the Tag 105 detects and assembles 40 
the bits of Information sent from the Interrogator 103 as 
a Downlink message. Typically, a pattern of synchroni- 
zation bits is transmitted at the beginning of the Down- 
link message. These bits allow the Tag to acquire bit 
and message synchronization, thereby enabling the Tag 45 
to determine the beginning and the end of the Downlink 
message. In one embodiment, the Downlink message 
includes an Address, a Command, and perhaps Data 
and Error Detect and/or Correct. The Command or Data 
portion of the Downlink message should indicate 50 
whether the Tag 105 is to return an actual data mes- 
sage, such as a Tag ID or other application-specific 
data, or an acknowledgment message, such as a sin- 
gle-bit acknowledgment message. 

The Processor 305 of the Tag 1 05 determines what 55 
type of Uplink signal is to be transmitted back to the 
Interrogator. There are several ways that the Tag 105 
may transmit either an actual data message or an 



acknowledgment message so that the Interrogator 103 
can receive and distinguish between these two different 
types of messages. Referring back to FIG. 3, in one 
embodiment, the Information Signal 306 is transmitted 
from the Processor 305 to the Modulator Control 307 
over a lead 306a. In the event that Processor 305 of Tag 
105 is to send a "single tone" message consisting of a 
single information bit, the lead 306a is maintained in a 
first logic state to indicate that no information message 
is to be sent, thereby causing the Modulator Control 307 
to output an unmodulated subcarrier signal 311. In the 
event that Processor 305 determines that an actual data 
message is to be sent, the lead 306a conveys the actual 
data message to the Modulator Control 307. This actual 
data message is then used to modulate the subcarrier 
signal 308a using one of several possible modulation 
techniques, such as amplitude, phase, frequency, or 
code modulation. 

Referring back to FIG. 2, the Interrogator 103 
receives and demodulates the modulated (or unmodu- 
lated) subcarrier signal from the received Uplink signal, 
and then applies filtering. Given the specifics of the sub- 
carrier frequency, a suitable filtering amplifier 210 is uti- 
lized to filter out noise. Subcarrier Demodulator 212 
then demodulates the Information Signal 306, if any, 
from the modulated (or unmodulated) subcarrier signal. 
The Processor 200 then performs the digital signal 
processing necessary to decode the information signal 
306. In one embodiment of this invention, the Processor 
200 may be a Digital Signal Processor (DSP). In other 
embodiments, a conventional Microprocessor could be 
used as the Processor 200. 

To recover a "single tone" acknowledgment mes- 
sage having a single subcarrier tone, the filtering ampli- 
fier should be a narrowband filter. While conventional 
filter technologies could be used, it may be most effec- 
tive to utilize the DSP 210a mentioned above as a nar- 
rowband filter. The subcarrier frequency of this single 
tone is well known since the Tag 105, in one embodi- 
ment, would typically use an inexpensive crystal as the 
frequency source. Even with the limited accuracy of that 
crystal, the subcarrier frequency could be known to an 
accuracy of a few Hertz, therefore allowing very narrow- 
band filtering. Since the acknowledgment message 
response from Tag 105 is used to extend the range of 
the RFID system and consequently would likely be a 
very faint signal, it places an additional burden on the 
narrowband filter of filtering amplifier 210. 

Another way that the DSP mentioned above could 
be used is to dynamically search for the frequency com- 
ponents of the Uplink signal. This could be accom- 
plished by performing a Fourier Transform on the 
incoming data stream, in one embodiment, using the 
Processor 200 of FIG. 2. In this embodiment, the multi- 
ple signals representing a modulated subcarrier signal 
could be differentiated or a single subcarrier signal of 
uncertain data rate could be recovered using the Fou- 
rier Transform to search for multiple signals. 
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Thus, we have shown how a modulated backscatter 
communication system can operate in two modes --one 
in which the backscattered signal is modulated to pro- 
vide a high data rate Uplink communication channel, 
and one in which the backscattered channel is modu- 
lated with a low data rate signal, perhaps a single tone, 
to provide an Uplink acknowledgment signal that can be 
detected at great distances. 

Multi-Mode Implementation 

In one embodiment, the multi-mode operation of 
the present invention Reconciliation System is imple- 
mented into three services. The first service to be dis- 
cussed is referred to herein as "Interrogation" service. 
Interrogation begins with the Interrogator transmitting a 
Downlink referred to herein as an Interrogation Signal to 
the Tag. The Tag decodes the received Interrogation 
Signal and determines what actions to take based upon 
the decoded Interrogation Signal. In a "standard" Inter- 
rogation, the Tag would be requested to transmit a set of 
data referred to herein as Mandatory Data back to the 
Interrogator using MBS. Each Tag in a reading field of 
an Interrogator that receives the "standard" Interroga- 
tion responds with its Mandatory Data, using a protocol 
discussed herein. Note that the term "reading field" is 
defined as the area of space within which the Tag and 
the Interrogator can communicate. The Interrogator 
also transmits, as part of the "standard" Interrogation 
service, data intended for each and all Tags. Examples 
of such data include time of day, framing and other syn- 
chronization information, etc. In one embodiment, the 
Mandatory Data includes identification information 

Beyond the "standard" Interrogation, other types of 
Interrogations are possible as well. For example, the 
Interrogator, after identifying a specific Tag using the 
Interrogation, could transmit additional data to that Tag 
to be stored in the Tag's memory. The Interrogator could 
also request the Tag transmit other data, stored in the 
Tag's memory, back to the Interrogator. These addi- 
tional data communications could be performed at the 
same data rate used in the "standard" Interrogation. 
Thus, Interrogation could be used to transmit com- 
mands and data to each and every Tag, to identify a 
specific Tag in the reading field, and to communicate bi- 
directionally with a specific Tag. In Interrogation, the 
data rate required in the Downlink is typically not large, 
since the Interrogation Signal only must contain enough 
bits to request all Tags in the reading field to respond. In 
the Uplink, the amount of data is typically much larger 
than the amount of data in the Downlink. Since the Man- 
datory Data must frequently be transmitted in the Uplink 
in a time critical manner, the data rate should therefore 
be much higher in the Uplink than the Downlink - that 
is, there exist asymmetry in data rates between the 
Uplink and Downlink in the sense that the Downlink data 
rate is smaller than the Uplink data rate. 

The second service is referred to herein as "Loca- 



tion." The Location service is used by the Reconciliation 
System to locate the position of a Tag. In Location, the 
Interrogator transmits a Downlink referred to herein as a 
Location Signal to the Tag containing the address of a 

5 specific Tag to which the Location Signal is directed. In 
this service, the Tag is requested to respond, one 
embodiment, with a simple acknowledgment message, 
such as a constant tone signal. Using the narrowband 
techniques discussed above, a constant tone signal can 

to be received by the Interrogator at a range far beyond the 
range of the Interrogation service. Therefore, in the 
Location service, there exist an asymmetric communi- 
cations path where the Downlink has a greater data rate 
than the Uplink. 

15 In one embodiment, the Location service is used to 
determine the location of a specific Tag 105 as follows. 
Let us assume that the Reconciliation System currently 
has no information as to the location of a Tag. The Inter- 
rogators of the Reconciliation System transmit location 

20 Signals and then listen for possible responses, i.e., 
acknowledgment messages. In one embodiment, each 
Interrogator is operable to determine the signal strength 
of the received response (if any) and reports their deter- 
mination to a location process residing on the LAN 102 

25 or Application Processor 101 , wherein the location proc- 
ess is a software process operable to determine the 
location of a Tag based on the signal strength of the 
acknowledgment messages being reported to the loca- 
tion process by the Interrogators. In one embodiment, 

30 the location process determines the location of the Tag 
is equal to the location of the Interrogator receiving the 
strongest acknowledgment message signal strength, 
wherein the accuracy of the Tag's location is the effec- 
tive range of that Interrogator. In another embodiment, 

35 the location process utilises a more complex method to 
determine a Tag's location if more than one Interrogator 
received an acknowledgment message. In this embodi- 
ment, the location of the Tag can be determined based 
on which Interrogator received an acknowledgment 

40 message and the spatial position of each Interrogator. 
For example, if two Interrogators received an acknowl- 
edgment message of equal signal strengths, then the 
Tag's position could be estimated at halfway between 
those two Interrogations. If three Interrogators received 

45 an acknowledgment message, then a "triangulation" 
could be performed. See "The NLOS Problem in Mobile 
Location Estimation Proceeding 1996 5th International 
Conference on Universal Personal Communic. Oct 96" 
by Marilynn Wyle and Jack Holtman. 

so The third service is referred to herein as "Messag- 
ing." In Messaging, a Downlink referred to herein as a 
Messaging Signal containing the address of one or 
more Tags and data intended for those Tags is transmit- 
ted by the Interrogators. The Tag or Tags whose 

55 address matches the Tag address or addresses in the 
Messaging Signal could be instructed to store that data 
in a memory associated with the Processor 305, such 
as memory 305a, or perform some other function with 
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that data. There appropriate Tags could respond to the 
Messaging Signal in one of several manners. If the Mes- 
saging Signal instructs the Tag to store the data, the Tag 
acknowledges receipt of the Messaging Signal by 
returning an acknowledgment message to the Interro- 5 
gator. Alternatively, if the Messaging Signal instructs the 
Tag to make a decision, or to transmit other data back to 
the Interrogator, then the response could be an 
acknowledgment message with a few bits of data. Thus, 
in Messaging, there exist an asymmetric communica- ro 
tions path where the Downlink has a greater data rate 
than the Uplink if the Uplink is an acknowledgment mes- 
sage. If the Uplink is an actual data message, there will 
typically exist an asymmetric communications path 
where the Downlink has a smaller data rate than the J5 
Uplink. 

In an alternate embodiment, it is possible for a com- 
munication to begin in one of the above services and 
change into another service. The following is an illustra- 
tion of such a possible communication. Assume com- 20 
munication with a Tag is desired. A Messaging Signal is 
transmitted from the Interrogator to the Tag instructing 
the Tag to respond with a simple acknowledgment, 
which is received by the Interrogator. Further assume 
that, based upon the acknowledgment message 25 
received by the Interrogator, the Interrogator wishes to 
instruct the Tag to transmit additional data back to the 
Interrogator. For example, the Interrogator determines 
the signal strength of the acknowledgment message 
and, if the signal strength is below a certain threshold, so 
limits the Uplink data rate to the data rate normally used 
in the Uplink for the Messaging service. Otherwise the 
signal strength is above a certain threshold and the 
Interrogator changes the Uplink data rate to the data 
rate normally used in the Uplink for the Interrogation 35 
service. It should be understood that, while the above 
example showed how the Uplink communications could 
take place at either one of two possible Uplink data 
rates, other Uplink data rates are possible. 

In one embodiment of the present invention, all 40 
three services discussed above can coexist in the same 
system and be operational at the same time. We begin 
with the realization that these services, based upon the 
required data rates, support different ranges from the 
Interrogator to the Tag. For example, the Interrogation 45 
service involves significant data transmission over (rela- 
tively) short time periods, such as when a Tag moves by 
an Interrogator. The required data rate is further 
increased if there are several Tags in the reading field at 
one time. When there are multiple Tags transmitting 50 
data simultaneously, a protocol is required to allow mul- 
tiple Uplinks without mutually interference. In one 
embodiment, the protocol used is Aloha or Slotted 
Aloha. Typical data rate for the Interrogation service 
range from 50 kbps - 300 kbps. Note that, in the 55 
absence of other factors, range and data rate trade off 
against each other. See "Queuing Systems Vol. 2 Com- 
puter Applications" by Leonard Kleinrock, published by 



John Wiley & Sons, NY in 1976. 

In summary, there exist two different "asymmetries" 
in data rates: greater data rates for Uplink than Down- 
link in the Interrogation service, and greater data rates 
for Downlink than Uplink in the Location and Messaging 
services. Thus, the effective range for the Interrogation 
service is smaller than that of the Location or Messag- 
ing services because the Uplink data rate requirement 
is greater in the Interrogation service. This difference in 
ranges is illustrated in FIG. 4. It is important to observe 
the relationships between these data rates. In the 
"Range Extension" section above, it was disclosed how 
to achieve significant range extension using, among 
other techniques, narrowband filtering. In one embodi- 
ment, the Location and Messaging services roughly 
have a Downlink data rate of a few kilobits per second 
and an Uplink data rate of a few bits per second. The 
Interrogation service has roughly a Downlink data rate 
of a few kilobits per second and an Uplink data rate of 
50 kbps - 300 kbps. 

Referring to FIG. 5, there is shown an illustration of 
the relationship between the ranges for these three 
services. As shown in FIG. 5, the Downlink range 503 is 
the same for all three services. The Uplink range 502 for 
the Location and Messaging services is roughly the 
same as the Downlink range 503. By contrast, the 
Uplink range 501 for the Interrogation service is much 
smaller than the Uplink range 502. 

Note that the above discussion ignores the effects 
of directional antennas. In some Interrogation applica- 
tions, it is appropriate to use directional antennas to 
increase effective range, and to form a "reading field" 
whose shape and size is optimized to that application. 
The above discussion has been general, and implicitly 
assumes that all thee services use the same antenna 
technology. The use of different antenna patterns will be 
discussed herein. 

RFID System Architecture 

At this point, the placement of the Interrogators will 
now be discussed. Referring back to FIG. 1, the Appli- 
cation Processor 1 01 is operable to support a Database 
110 that stores information regarding passenger, bag- 
gage and cargo. For example, the Database 110 
includes information about the identity of the passen- 
gers on board an aircraft, the passengers' associated 
baggage, the location of the baggage, etc. In one 
embodiment, the Interrogators are distributed through- 
out the airport complex. For purposes of discussion, it is 
assumed that the coverage throughout the airport com- 
plex for the Interrogation service is not complete, i.e., 
the Interrogation service is only available in certain well 
defined areas of the airport complex. This assumption is 
justified since the Interrogation service is generally 
used to identify Tags as they pass by a specific location 
(such as a doorway, etc.) It is further assumed that for 
the Location and the Messaging services, the coverage 
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of the airport complex is greater than the coverage for Power Rectifier 703, i.e. , the Power Rectifier rectifies the 
the Interrogation service. Ideally, it is desirable to pro- incoming RF signal. The range at which the Radio bag- 
vide Location and Messaging services to anyone in the gage tag 610 can be powered is then the controlling fac- 
airport complex. tor in both the Downlink and the Uplink range. In one 

For the Location or Messaging services, one s embodiment, the maximum range of the Tag 105-1 is 

embodiment of the present invention would be to place two meters. Furthermore, since the Tag 1 05 is read-only 

enough Interrogators in the airport complex such that (and not read-write), there is no need for a Processor as 

any point in the airport complex is within the range of at sophisticated as a 4 or 8 bit microprocessor, and cus- 

least three Interrogators, thereby permitting the imple- torn logic, such as the Logic Control 704 can be substi- 

mentation of a Location service using triangulation of 10 tuted. Still further, since the data is written once and 

the received Uplink signal strength. In another embodi- read many times, the Tag does not need an expensive 

merit, the Interrogators are placed in a "partially over- on-chip re-writeable storage - that is, inexpensive fuses 

lapping" fashion, such that any point in the airport contained within the Logic Control 704 can be used, 

complex is within the radio coverage area of at least one The Logic Control 704, upon detection of an incoming 

Interrogator. Given this configuration, a relatively simple is RF signal, then activates the Detector Modulator 702 to 

Location service can be implemented, with the accu- perform the modulated backscatter communications 

racy of the Location service comparable to the coverage disclosed above. The Tag 1 05-1 of FIG. 3 can therefore 

area of one Interrogator. be reduced to a Single IC 710 with an Antenna 701. 

Note that the Radio baggage tag 105-1 could also be 

Baggage and Cargo Identification so used for the Location service. Further note that the ini- 
tialization of the Radio baggage tag 61 0 includes writing 

At this point, the distribution of the Tags will now be into memory the data desired to be retrieved in the Inter- 
discussed. To support automated identification, one rogation service, e.g., associated passenger, identifica- 
embodiment includes three types of Tags 105; a Radio tion number, etc. This initialization could be done during 
baggage tag, a Container Tag, and an Aircraft Tag. 25 or after the process to print the Bar Code License Plate 
These automated identification means supplement or 620 onto the Radio baggage tag 610. 
replace methods in operation today, which includes 
manual sortation of optical bar codes. Container Tag 



Radio baggage tag 

Referring to FIG. 6, there is shown a Radio bag- 
gage tag 61 0 in accordance with one embodiment of the 
present invention. As shown in FIG. 6, the Radio bag- 
gage tag 61 0 includes a Tag 1 05 which may have a lug- 
gage identification, a passenger identification, routing 
information, etc. Note that the Radio baggage tag 610 
may also include a Bar Code License Plate 620 to pro- 
vide routing and other information in airports where the 
Reconciliation System of the present invention is not 
available. To reduce the cost of the Radio baggage tag 
610, several components of the Tag 105 may be elimi- 
nated. Referring to FIG. 7, there is shown a block dia- 
gram of a Tag 105-1 in accordance with one 
embodiment of the Radio baggage tag 61 0. As shown in 
FIG. 7, the Tag 105-1 includes an Antenna 701 and a 
single Integrated Circuit (IC) 710, which includes a 
Detector/Modulator 702, a Logic Control 704 and a 
Power Rectifier 703. In this embodiment, the Radio bag- 
gage tag 610 is a read-only Tag, and not a read-write 
Tag - that is, the Tag 105-1 is only capable of respond- 
ing to an Interrogation Signal, and the response pro- 
vided to the Interrogation Signal is fixed, i.e., the Tag is 
"write once, read many." 

The Tag 105 illustratively shown in FIG. 3 has been 
greatly simplified to arrive at the Tag 105-1 of FIG. 7. 
The Antenna 701 receives the incoming RF signal and 
power is supplied to the circuitry of the Tag 105-1 by the 



30 In one embodiment, the Container Tag is a read- 
write Tag 105. Preferably, the Container Tag is pack- 
aged in a rugged packaging, due to the environmental 
stresses placed upon it. Referring to FIG. 8, there is 
shown a Container 810 with a Container Tag 820 being 

35 loaded onto an aircraft via a cargo bay door 840. In one 
embodiment, the Container Tag 820 is operable to 
respond to Interrogation, Messaging, and Location 
services. The Container Tag 820 is designed to be 
affixed to the Cargo Container 810 (which could be a 

40 container or a pallet), so that the Cargo Container 810 
can be identified as it passes though an entrance or 
egress to a cargo handling facility, and aircraft, etc., 
where an Interrogator will be typically positioned. 
Because the Container Tag 820 has read-write 

45 capabilities, the Container Tag 820 may be used to store 
helpful data. For example, assume that pieces of bag- 
gage containing Radio baggage tags 610 are loaded 
into a Container 810 equipped with a Container Tag 
820. The identification data can be read from the Radio 

so baggage tag 610 by the Interrogator using the Interro- 
gation service. Such identification data can be subse- 
quently transmitted to and stored in the Container Tag 
820 using the Messaging service. Thus, data concern- 
ing the contents of the Container 81 0 would be available 

55 though the Container Tag 820. Also note that the Con- 
tainer Tag could also be used in the Location service to 
locate misplaced, lost or stolen containers. This could 
be of benefit in an airport environment, since it may 
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happen for one airline to borrow a Container 810 from 
another airline, and not inform the other airline of the 
borrow. 

Aircraft Tag s 

Aircraft Tags of the present invention can be used to 
determine whether baggage, cargo and/or containers 
have been loaded onto a particular aircraft. In one 
embodiment, the Aircraft Tag is a function equivalent to 10 
the Tag 1 05 of FIG. 3 --that is, the Aircraft Tag has read- 
write capabilities. Referring back to FIG. 8, a Container 
81 0 is loaded onto an Aircraft 860 by the use of a Crane 
850. Mounted onto the Aircraft 860 at or near the Cargo 
Bay Door 840 is an Aircraft Tag 830. In one embodi- is 
ment, the Aircraft Tag 830 has Mandatory Data that 
identifies the Aircraft 860 and the Cargo Bay Door 840 
being used. In operation, the Interrogator 105 on top of 
the Crane 850 could read the Aircraft Tag 830, thereby 
allowing the Reconciliation System to know the identity 20 
of the Aircraft 860 on which baggage, cargo and con- 
tainers are being loaded and the identity of the Cargo 
Bay Door 840 being used. Thus, associations between 
the Aircraft 860, the Cargo Bay Door 840, the Radio 
baggage tag 610, and the Container Tag 820 can be 25 
made. 

Passenger Identification 

Referring to FIG. 9, there is shown a Passenger 30 
1 020 entering a Gateway 1 01 0 to board an aircraft. The 
Passenger 1020 has an Identification means 1030. The 
Identification means 1030 can be, but is not limited to, a 
Boarding Pass 1001 , a Radio Boarding Pass 1003, or a 
Passenger Card 1002. 35 

Magnetic Boarding Pass 

The Magnetic Boarding Pass 1001 is a device, in 
one embodiment the size of an airline ticket, with an 40 
attached magnetic stripe. The information on the Mag- 
netic Boarding Pass 1001 can include the identification 
of the passenger, the flight number and seat number of 
this passenger, and other such data. When the Passen- 
ger 1020 enters the Gateway 1010, the Passenger must 45 
insert the Magnetic Boarding Pass 1001 into a Magnetic 
Card Reader 1060. A mechanism, such as a Turnstile 
1040 or an Optical Sensor 1050, to restrict a person 
without a valid identification from boarding is preferred. 
In this embodiment, the Magnetic Card Reader 1060 so 
reads the contents of the Magnetic Boarding Pass 
1001 , and transmits the identity of the Passenger 1020, 
or other such information, to the Applications Processor 
101 of the Reconciliation System which, in turn, stores 
and/or processes the information into the Database 55 
110. 



Radio Boarding Pass 

The Radio Boarding Pass 1003 is a device with an 
embedded Tag that is a functional equivalent to the Tag 
105-1 of FIG. 7- that is, the Radio Boarding Pass 1003 
has a read-only Tag 105-1 containing the identification 
of the passengers, among other data. Thus, the identity 
of the Passenger 1020 can then be determined by an 
Interrogator 103 reading the Radio Boarding Pass 
1003. 

As disclosed below, using the incident RF field to 
power a Tag 105 will cause the effective range of that 
Tag 105 to be greatly reduced. Therefore, in order to 
read the Boarding Pass 1040 as the Passenger 1020 
boards the aircraft, an Interrogator 103 should be 
located at the entrance of either the boarding ramp, or 
the entrance to the aircraft itself. 

Passenger Card 

The Passenger Card 1002 is a functional equivalent 
of the Tag 105-1 of FIG. 3 -- that is, the passenger card 
1002 has read-write capabilities, i.e., data can be trans- 
mitted to the Card, stored on the Card, and retrieved 
from the Card. A Passenger Card 1002 would likely be 
initially issued to the Passenger 1020, and then re-used 
over numerous trips. 

The Passenger Card 1002 is operable to respond to 
the Interrogation, Messaging, and Location services 
discussed above. Thus, using the Interrogation service, 
the identity of the Passenger 1020 boarding the aircraft 
can be determined; using the Messaging Mode, data 
can be transmitted to the Passenger Card 1002; and 
using the Location Mode, the location of the Passenger 
can be determined. 

As the Passenger Card 1002 approaches the 
check-in counter, the Passenger Card 1002 could be 
interrogated by the Interrogator 103. The identity of the 
Passenger 1020 could then be determined, thereby 
allowing the attendants to greet the Passenger 1020 by 
name. In another embodiment of the Passenger Card 
1002, the Passenger Card 1002 could contain informa- 
tion regarding the identification numbers of the pieces of 
baggage checked by this Passenger 1020, thereby facil- 
itating retrieval of the baggage. 

The Passenger Card 1002 could also be used by 
the Passenger 1 020 to check in at an automated check- 
in station, such as a device similar to an Automated 
Teller Machine, thereby expediting airport check-in pro- 
cedures. The automated facility could also provide seat 
assignment based upon preferences stored in the Pas- 
senger Card 1002. 

What has been described is merely illustrative of 
the application of the principles of the present invention. 
Other arrangements and methods can be implemented 
by those skilled in the art without departing from the 
spirit and scope of the present invention. 
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Claims 

1 . A communication system comprising: 

transmitter interrogators for transmitting a 
downlink signal having a modulated carrier sig- 
nal and a radio signal, wherein the modulated 
signal is generated by modulating a first infor- 
mation signal onto the radio signal; 
tags for receiving the downlink signal, demodu- 
lating the first information signal from the down- 
link signal and transmitting an uplink signal, 
wherein the uplink signal is generated by mod- 
ulated backscattering an output signal onto the 
continuous wave radio signal, each of the tags 
including a modulator for generating an output 
signal which is dependent upon a second infor- 
mation signal having a data rate /; and 
receiver interrogators for receiving and demod- 
ulating the uplink signal. 

2. The communication system of claim 1 , wherein the 
transmitter interrogators include a first radio signal 
source to generate the radio signal and the receiver 
interrogators include a second radio signal source 
to demodulate the output signal from the uplink sig- 
nal. 

3. The communication system of claim 1 , wherein the 
tag includes: 

a subcarrier demodulator for demodulating the 
second information signal from the output sig- 
nal. 

4. The communication system of claim 1 , wherein the 
modulator generates a modulated subcarrier signal 
if the second information signal is not a single bit 
message, the modulator generating the modulated 
subcarrier signal by modulating the second infor- 
mation signal onto a subcarrier signal. 

5. The communication system of claim 1 further com- 
prising: 

a location process for determining locations of 
the tags based on signal strengths of uplink 
signals received by the receiver interrogators. 

6. A communication system comprising: 

an antenna for receiving a downlink signal and 
reflecting an uplink signal, the downlink signal 
having a modulated carrier signal and a radio 
signal; 

a detector modulator for demodulating a first 
information signal from the modulated carrier 
signal and for generating the uplink signal by 



modulated backscattering an output signal 
onto the radio signal, the detector modulator 
being operable to change reflectance of the 
antenna; 

5 a processor for examining the first information 

signal and generating second information sig- 
nals with at least two data rates; 
a frequency source for generating a subcarrier 
signal; and 

w a modulator for generating the output signal 

using the subcarrier signal and the second 
information signal. 

7. The communication system of claim 6, wherein the 
15 processor generates a second information signal 

that is a single bit data. 

8. The communication system of claim 6, wherein the 
processor generates a second information signal 

so that is a multi-bit data. 

9. A communication system comprising: 

an antenna for receiving an uplink signal, 
25 wherein the uplink signal includes a radio sig- 

nal modulated by an output signal; 
a radio source for generating the radio signal; 
a mixer for mixing down the uplink signal using 
the radio signal generated by the radio source 
30 to obtain the output signal; and 

a subcarrier demodulator for demodulating an 
information signal from the output signal if the 
output signal is a modulated subcarrier signal. 

35 1 0. The communication system of claim 9 further com- 
prising: 

a processor for providing a second information 
signal; and 

40 a modulator for generating a modulated radio 

carrier signal by modulating the second infor- 
mation signal onto the radio carrier signal gen- 
erated by the radio signal source. 
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(54) Passsenger, baggage, and cargo reconciliation system 



(57) A radio frequency identification system, using 
modulated backscatter radio communications, is dis- 
closed which supports the automated reconciliation of 
passengers, baggage, and cargo on a transport. A bag- 
gage tag (1 05) is attached to each piece of checked bag- 
gage, where the baggage tag is a read-only tag with 
modulated backscatter radio capability. Thus, each 
piece of checked baggage can be identified for sorta- 
tion, and also identified to ascertain if it has been loaded 
onto a particular aircraft. Pieces of baggage can be ei- 
ther loaded directly onto an aircraft, or loaded onto a 
cargo container, where a cargo tag (1 05) is attached to 
the cargo container, the cargo tag is a read-write tag 
with modulated backscatter radio capability. The aircraft 
itself may be equipped with aircraft tags (105) which 
could be read-only or read-write tags with modulated 
backscatter radio capability. Aircraft tags allow a posi- 
tive association between the identity of the baggage or 
cargo container being loaded, the aircraft on which it is 
being loaded, and the cargo bay doorway through which 
it is being loaded. To identify passengers, several alter- 



natives are disclosed. In one embodiment, a magnetic 
boarding pass can be used with a magnetic stripe con- 
taining information about this passenger. In this embod- 
iment, the passenger is responsible for inserting the 
magnetic boarding pass into a magnetic card reader as 
the passenger boards the flight. I n another embodiment, 
a radio boarding pass could be used. The radio boarding 
pass resembles a conventional boarding pass, however 
it has read-only modulated backscatter radio capability, 
perhaps identical with the technology used for the bag- 
gage tag. The radio boarding pass can be read as the 
passenger boards the aircraft. In an alternate embodi- 
ment, the passenger can have a passenger card, which 
is a read-write tag with modulated backscatter capabil- 
ity. The passenger card can be read as the passenger 
boards the aircraft, to identify the passenger. Alternate- 
ly, the passenger card can be used for a number of en- 
hanced passenger service applications in a generalized 
transportation environment. 
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Description 
Related Applications 

[0001] Related subject matter is disclosed in the fol- 
lowing applications filed concurrently herewith and as- 
signed to the same Assignee hereof: U.S. patent appli- 
cations: "Shielding Technology in Modulated Backscat- 
ter System, " Serial No. 08/777770; "Encryption for Mod- 
ulated Backscatter Systems," Serial No. 08/777832; 
"QPSK Modulated Backscatter System," Serial No. 
08/775694; "Modulated Backscatter Location System," 
Serial No. 08/777643; "Antenna Array in An RFID Sys- 
tem," Serial No. 08/775271; "Sub-carrier Frequency Di- 
vision Multiplexing of Modulated Backscatter Signals," 
Serial No. 08/777834; "IQ Combiner Technology in Mod- 
ulated Backscatter System," Serial No. 08/775695 (now 
U.S. patent no. 5784686); "In-Building Personal Pager 
and Identifier," Serial No. 08/775738; "In-Building Mod- 
ulated Backscatter System," Serial No. 08/775701 ; and 
"Inexpensive Modulated Backscatter Reflector," Serial 
No. 08/774499. Related subject matter is also disclosed 
in the following applications assigned to the same as- 
signee hereof: U.S. patent application 08/504188, enti- 
tled "Modulated Backscatter Communications System 
Having An Extended Range"; U.S. Patent Application 
Serial No. 08/492,173, entitled "Dual Mode Modulated 
Backscatter System,"; U.S. Patent Application Serial 
No. 08/492,174, entitled "Full Duplex Modulated Back- 
scatter System,"; and U.S. Patent Application Serial No. 
08/571,004, entitled "Enhanced Uplink Modulated 
Backscatter System." Related subject matter is also dis- 
closed in U.S. Patents Nos. 4,711,994, 5,051,565, 
5,478,991, and in EP-A-0670558. 

Field of the Invention 

[0002] This invention relates to communication sys- 
tems using modulated backscatter technology. 
[0003] In the transportation industry, four types of ob- 
jects are typically transported; passengers, cargo, bag- 
gage associated with specific passengers, and cargo 
not associated with any passengers. To reconcile pas- 
sengers, cargo, and/or baggage at the start and/or end 
of transport, it is important to know which passengers 
are "on board", which cargo and pieces of baggage are 
on board, and which cargo and pieces of baggage be- 
long to which passengers, if any. Such reconciliation is 
performed using a passenger, baggage, and cargo rec- 
onciliation system. For illustrative purposes of this ap- 
plication, reconciliation systems will be described herein 
with reference to aircraft as the transportation mecha- 
nism. 

[0004] Consider a commercial airline flight with pas- 
sengers, baggage, and cargo on board the aircraft. The 
passengers board the passenger compartment of the 
aircraft and the baggage and cargo are stored in the car- 
go compartments of the aircraft. In larger or container- 



ized aircraft, smaller pieces of baggage or cargo are 
stored in containers, which are then loaded onto the air- 
craft. Note that the term "container" includes, but is not 
limited to, containers and pallets. Smaller aircraft are 

5 typically "non-containerized" in the sense that the size 
of the cargo compartment is insufficient to accommo- 
date the containers used in larger aircraft. Such aircraft 
are "freeloaded," i.e., each piece of baggage is manually 
loaded onto and removed from the aircraft. On a free- 

10 loaded aircraft, the pieces of baggage are typically 
transported up a moving ramp from the ground to the 
doorway of the cargo compartment. Note that some con- 
tainerized aircraft may have portions of the cargo com- 
partment that are insufficient to accommodate contain- 

is ers. In such containerized aircraft, a combination of free- 
loading and containerized loading techniques is used. 
[0005] Let us consider some of the information the 
Reconciliation System should include for an aircraft. 
First, the Reconciliation System should include informa- 

20 tion regarding the identity of each passenger boarding 
the aircraft, decking in for a flight does not guarantee 
that a passenger boards the aircraft. It is not uncommon 
for a passenger to arrive at the airport, check in at the 
gate and be given a boarding pass, and then fail to board 

25 the aircraft; such failure could be caused by the passen- 
ger being in the duty free shop, changing his/her mind 
about traveling, deciding to take a different flight, etc. 
Furthermore, the number of passengers on board and 
how those passengers are seated constitutes informa- 

30 tion used by the flight crew to plan a safe flight. 

[0006] Second, the Reconciliation System should al- 
so include information regarding the baggage associat- 
ed with the passengers. The passengers typically 
checked in their baggage at an airport curb or a check- 

35 jn station. A baggage tag is usually attached to each 
piece of baggage, wherein a baggage tag is a paper with 
printed information, such as the name of the destination 
city and one or more flight numbers. More recently, a 
bar code having a "license plate" identification is also 

40 printed on the baggage tag, wherein the license plate 
includes a set of numbers and/or letters that identifies 
the originating airline and an index number that identi- 
fies the corresponding piece of baggage. The license 
plate is entered in a computer system and is typically 

45 associated with the passenger checking-in the baggage 
and his/her itinerary. The baggage is subsequently sort- 
ed and routed to the proper aircraft using the information 
contained in the baggage tag. Specifically, a baggage 
handler sorts and routes the baggage to an airport gate 

so by reading the baggage tag manually or with an optical 
bar code reader. At the gate, assuming a containerized 
aircraft, the pieces of baggage are loaded onto contain- 
ers, which are then loaded onto the proper aircraft At 
the conclusion of the flight, the process is reversed. For 
55 a non-containerized aircraft, the pieces of baggage are 
loaded directly onto the aircraft and, at the conclusion 
of the flight, the process is reversed. 
[0007] Finally, the Reconciliation System should also 
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include information regarding the cargo to be loaded on- 
to the aircraft. The cargo is sorted and then loaded onto 
the proper container, assuming a containerized aircraft. 
The container is then routed to and loaded onto the 
proper aircraft. At the conclusion of the flight, the proc- 
ess is reversed. For the purpose of this application, dis- 
cussions involving baggage should be construed to in- 
clude cargo unless otherwise specified. 
[0008] Passenger, Baggage and Cargo Reconcilia- 
tion Systems of today are unreliable for the following 
reasons. As mentioned above, a record of a passenger 
checking in at the gate gives no assurance that the pas- 
senger is actually on board the aircraft. A more reliable 
mechanism to determine which passengers are on 
board is required. From the baggage perspective, there 
are several problem areas. First, the bar code on the 
baggage tag are not a reliable source of information be- 
cause the baggage tag may wrinkle and fade due to fre- 
quent handling, thereby causing a significant percent- 
age of attempts to read bar codes ending in failure. For 
a piece of baggage that has been through one or two 
"hops", and has therefore been handled frequently, it is 
not uncommon for the percentage of bar codes that can 
be successfully read to be near 50%. Bar codes unsuc- 
cessfully read must be manually processed, 
therefore adding expense, time and human error. Sec- 
ond, once the bar code is read (either manually or with 
the optical bar code reader), there is no guarantee that 
the piece of baggage is actually loaded onto the correct 
aircraft, or even loaded onto any aircraft. It could be 
overlooked at the gate, loaded onto the wrong container, 
or the container could be loaded onto the wrong aircraft. 
Third, after the piece of baggage is loaded, if the asso- 
ciated passenger does not board the aircraft, it may be- 
come necessary to unload that piece of baggage for 
safety reasons, e.g., prevention of the placement of 
bombs on an aircraft by a terrorist. In such a situation, 
the airline either finds the passenger and have that pas- 
senger board the aircraft, or the airline unloads the cor- 
responding piece of baggage. Depending on the Rec- 
onciliation System used, it may not be easy to determine 
where in the aircraft a piece of baggage is located. 
Therefore, valuable time could be lost searching for a 
particular piece of baggage. On some international 
flights, this process could delay a flight by as much as 
two hours. 

[0009] There are elements of today's technology 
which could be of benefit in solving some of the afore- 
mentioned problem. The following are some examples. 
A passenger's boarding pass include a magnetic stripe 
which identifies that passenger, wherein the magnetic 
stripe is read into an airline's computer system as that 
passenger boards the aircraft. Such a system is now be- 
ing deployed by some airlines. The bar code of the bag- 
gage tag could also include information that identifies 
each piece of baggage in a manner similar to a social 
security number. This information could be read into the 
airline's computer system as the baggage is either free- 



loaded onto the aircraft or the container. Likewise, the 
container could also be identified with a bar code and 
read into the airline's computer system as it is loaded 
onto the aircraft. An association could be made on the 
s airline's computer system to indicate which pieces of 
baggage are associated with each passenger, and 
whether the passenger has boarded the aircraft and/or 
the associated pieces of baggage have been loaded on- 
to the aircraft. 

w [0010] The above-mentioned solution, however, is 
costly in terms of staff effort and time - especially with 
respect to the baggage and cargo portions of the solu- 
tion. In the above-mentioned solution, each element of 
cargo or baggage must be individually and successfully 

is scanned, thereby leading to significant overhead. In ad- 
dition, the bar codes deteriorate after they have been 
repeatedly handled making them more difficult to suc- 
cessfully scan. 

[0011] One prior art Reconciliation System uses ma- 

20 chine readable labels on the passenger's boarding pass 
and on the baggage tag that supports a computer sys- 
tem performing reconciliation functions. In such a sys- 
tem, the machine readable labels generally store little 
information, such as information similar to the "license 

25 plate" mentioned above. In another prior art Reconcili- 
ation System, an identification tag readable with elec- 
tromagnetic is attached to the baggage tag. This prior 
art Reconciliation System integrates a specific design 
of a paper baggage tag with electromagnetic reading ca- 

30 pability. In all of these prior art Reconciliation Systems, 
the passenger and baggage tags are "read-only" and 
hold relatively little data and rely on a central database 
to perform the reconciliation functions. Furthermore, the 
prior art Reconciliation Systems do not provide a direct 

35 way to determine the specific container in which a piece 
of baggage has been loaded. In the event a particular 
piece of baggage must be removed from the flight, it is 
imperative that the location (i.e. , which container) of the 
baggage be known. 

40 [0012] Accordingly, there exist a need for a Reconcil- 
iation System that has very high reliability in reading da- 
ta, no manual intervention required to read such data, 
and the ability to integrate passengers, baggage, cargo, 
and containers using a single communication inf rastruc- 

45 ture. 

[0013] According to this invention there is provided a 
communication system as claimed in claim 1 . 
[0014] The present invention discloses a communica- 
tion system that includes a radio frequency identification 

50 using modulated backscattering. In one embodiment, 
the communication system is used for the reconciliation 
of passengers, baggage and cargo on a transport. Spe- 
cifically, the communication system comprises interro- 
gators for transmitting downlink signals and receiving 

55 uplink signals, and tags for receiving the downlink sig- 
nals and transmitting the uplink signals. The tags are 
operable to demodulate a first information signal from a 
downlink signal and generate a second information sig- 
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nal having a data rate f, wherein the contents and data 
rate f of the second information signal depends on the 
contents of the first information signal. Subsequently, 
the second information signal and a subcarrier signal is 
used to generate an output signal, which is used to mod- 
ulate backscatter the downlink signal. 
[0015] In one embodiment, the tag includes a modu- 
lator that generates an output signal by modulating the 
second information signal onto the subcarrier signal if 
the second information signal is not a single bit mes- 
sage. If the second information signal is a single bit mes- 
sage, the modulator generates an output signal that is 
an unmodulated subcarrier signal. In another embodi- 
ment of the present invention, the interrogators include 
a narrowband filter for filtering noise from the uplink sig- 
nals. 

[0016] In one embodiment, the downlink signal in- 
cludes an interrogation signal which instructs one or 
more tags receiving the downlink signal to transmit an 
uplink signal which includes data stored in a memory of 
the tag. In another embodiment of the invention, the 
downlink signal includes a tag address and a location 
signal which instructs the tag corresponding to the tag 
address to transmit an uplink signal that can be used to 
locate the tag. In another embodiment, the downlink sig- 
nal includes a tag address and data wh ich is to be stored 
in the tag corresponding to the tag address. 

Brief Description of the Drawing 

[0017] The features, aspects, and advantages of the 
present invention will become better understood with re- 
gard to the following description, appended claims, and 
accompanying drawings where: 

FIG. 1 shows a block diagram of an illustrative Ra- 
dio Frequency Identification (RFID) system; 
FIG. 2 shows a block diagram of an illustrative In- 
terrogator Unit used in the RFID system of FIG. 1; 
FIG. 3 shows a block diagram of a Tag Unit used in 
the RFID system of FIG. 1; 
FIG. 4 shows the relationships among the Interro- 
gation, Location Mode, and Messaging Mode Rang- 
es; 

FIG. 5 shows the relationships among the Uplink 
Range for the Interrogation, the Uplink Range for 
the Messaging Modes, and the downlink Range for 
all three Modes; 

FIG. 6 shows a Radio baggage tag; 
FIG. 7 shows a block diagram of the electronics of 
the Radio baggage tag of FIG. 6; 
FIG. 8 shows how a Cargo Container, with an at- 
tached Container Tag, is identified and loaded onto 
an Aircraft; and 

FIG. 9 shows a Passenger entering a Gateway that 
leads to an aircraft, and how the Passenger is iden- 
tified. 



Detailed Description 

[0018] The present invention may be embodied in a 
Reconciliation System having a Radio Frequency Iden- 

5 tificatton (RFID) system using Modulated Backscatter 
(MBS). In one embodiment of the present invention, the 
Reconciliation System utilizes Tags that are capable of 
transmitting data at various data rates, wherein the 
slower data rates extend the range of the Reconciliation 

10 System, as will be described herein. 

RFID Systems 

[0019] Radio Frequency Identification (RFID) sys- 

15 terns are used for identification and/or tracking of equip- 
ment, inventory, or living things. RFID systems are radio 
communication systems that communicate between a 
radio transceiver, called an Interrogator, and a number 
of inexpensive devices called Tags. In RFID systems, 

20 the Interrogator communicates to the Tags using mod- 
ulated radio signals, and the Tags respond with modu- 
lated radio signals. Specifically, the Interrogator trans- 
mits an amplitude modulated signal to the Tag, and then 
transmits a Continuous-Wave (CW) radio signal to the 

25 Tag. The Tag modulates the CW radio signal using Mod- 
ulated BackScattering (MBS) where the antenna is elec- 
trically switched, by a Tag's modulating signal, from be- 
ing an absorber of RF radiation to being a reflector of 
RF radiation, thereby encoding a Tag's information onto 

30 the CW radio signal being reflected. The Interrogator de- 
modulates the incoming CW modulated radio signal and 
decodes the Tag's information. 

MBS Operation 

35 

[0020] Referring to FIG. 1 , there is shown an overall 
block diagram of a Radio Frequency Identification 
(RFID) system in accordance with one embodiment of 
the present invention. As shown in FIG.1 , an Application 

40 Processor 101 communicates over a Local Area Net- 
work (LAN) or Wide Area Network (WAN) 102 to a plu- 
rality of Interrogators 103 which, in turn, communicate 
with one or more Tags 105. Referring to FIG. 2, there is 
shown a block diagram of an illustrative Interrogator 1 03 

45 As shown in FIG. 2, a processor 200 receives an Infor- 
mation Signal 101a from the LAN 102. The processor 
200 subsequently formats the Information Signal 101a 
into an Information Signal 200a. A Modulator 202 mod- 
ulates the Information Signal 200a onto a Radio Signal 

so 201a (also referred to herein as a "carrier signal") gen- 
erated by a Radio Signal Source 201 , thereby creating 
a First Modulated Signal 202a (also referred to herein 
as a "Modulated Carrier Signal") which is then transmit- 
ted by a Transmitter 203 via Antenna 204. Upon trans- 

55 mission of the First Modulated Signal 202a, the Interro- 
gator 103 then transmits a continuous wave (CW) radio 
signal. Transmission from the Interrogator is referred to 
herein as a Downlink. Thus, the transmitted First Mod- 
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ulated Signal and CW radio signal constitutes a Down- 
link Signal 204a. 

[0021] In one embodiment, the First Modulated Signal 
202a is transmitted using amplitude modulation. In this 
embodiment, amplitude modulation is chosen because 
amplitude modulated signals can be demodulated by 
the Tag with a single inexpensive nonlinear device such 
as a diode. 

[0022] Referring to FIG. 3, there is shown a block di- 
agram of an illustrative Tag 105. As shown in FIG. 3, the 
Tag 105 includes an Antenna 301, such as a loop or 
patch antenna, for receiving the Downlink Signal 204a 
transmitted by the Interrogator 103. The First Modulated 
Signal of the Downlink Signal 204a is demodulated, di- 
rectly to baseband, using a Detector/Modulator 302 - 
that is, the resulting demodulated signal 302a is essen- 
tially the Information Signal 200a. In one embodiment, 
the Detector/Modulator 302 is a microwave diode, such 
as the well-known Schottky diode. To minimize signal 
loss of the First Modulated Signal, the Detector/Modu- 
lator 302 should be appropriately biased with the proper 
current level in order to match the impedance of the An- 
tenna 301 to the Detector/Modulator 302. 
[0023] The Demodulated Signal 302a is then ampli- 
fied by an Amplifier 303 and synchronization recovered 
in a Clock and Frame Recovery Circuit 304. The result- 
ing Recovered Signal 304a is sent to a Processor 305, 
where the Recovered Signal 304a is analyzed - that is, 
the Processor 305 examines the content of the Informa- 
tion Signal 200a. Note that the Processor 312 includes 
a crystal oscillator 312 for providing timing information. 
In one embodiment, the Processor 305 is typically an 
inexpensive 4- or 8-bit microprocessor, and the Clock 
and Frame Recovery Circuit 304 is implemented in an 
ASIC (Applied Specific Integrated Circuit) which coop- 
erates with the Processor 305. For purposes of this ap- 
plication, the term processor includes, but is not limited 
to, processors, micro-processors, and ASICs. 
[0024] Depending on the content of the Information 
Signal 200a, the Processor 305 then generates another 
Information Signal 306 to be sent from the Tag 105 back 
to the Interrogator 103. The Information Signal 306 is 
provided as input to a Modulator Control Circuit 307, 
which uses the Information Signal 306 to modulate a 
Subcarrier Signal 308a generated by a Frequency 
Source 308. In one embodiment, the Frequency Source 
308 is derived from the crystal oscillator 31 2, or is a crys- 
tal oscillator separate from the Processor 305. In anoth- 
er embodiment, the frequency source is derived from 
signals present inside the Processor 305 ~ such as a 
divisor of the primary clock frequency of the Processor. 
[0025] The Modulated Control Circuit 307 outputs a 
Modulated Subcarrier Signal 311, which is used by the 
Detector/Modulator 302 to modulate the CW radio sig- 
nal of the Downlink Signal 202a, thereby producing a 
Modulated Backscatter (e.g., reflected) Signal 301a. 
Note that transmission from the Tag to the Interrogator 
is referred to herein as an Uplink. Thus, the Modulated 



Backscatter Signal constitutes an Uplink Signal. 
[0026] In one embodiment, the presence of the Mod- 
ulated Subcarrier Signal 31 1 (or lack thereof) causes the 
Detector/Modulator 302, e.g., Schottky diode, tochange 
5 the reflectance, i.e., impedance, of the Antenna 301 - 
for example, the impedance of the antenna is changed 
from zero to infinity. 

[0027] Power is provided to the circuitry of the Tag by 
a power source 310. For purposes of this application, 

to the term "power source" includes, but is not limited to, 
batteries and devices operable to transform microwave 
or magnetic energy into electrical energy, such as rec- 
tifiers and inductive couplings. 
[0028] It has been found that considerable advantag- 

15 es are present to an MBS design that uses a single fre- 
quency subcarrier. Many modulation schemes are pos- 
sible. These modulation schemes include, but are not 
limited to, Phase Shift Keying (PSK) of the subcarrier 
(e.g., BPSK, QPSK) and more complex modulation 

20 schemes (e.g., MSK, GMSK). 

[0029] Referring back to FIG. 2, the Interrogator 1 03 
receives the Uplink Signal 301 a with a Receive Antenna 
206, amplifies the Uplink Signal 301a with a Low Noise 
Amplifier 207, thereby obtaining an Amplified Signal 

25 207a. The Amplified Signal 207a is provided as input to 
a Mixer 208, which uses homodyne detection to demod- 
ulate the Amplified Signal 207a down to the intermediate 
frequency (IF) corresponding to the subcarrier signal 
308a (frequency f s ) - that is, the Radio Signal 201 a is 

30 used to demodulate the Amplified Signal 207a to obtain 
a Demodulated Signal 209, which is essentially the 
Modulated Subcarrier Signal 311 . Note that such homo- 
dyne detection has advantages in that ft greatly reduces 
phase noise in the receiver circuits. Subsequently, the 

35 Mixer 208 sends the Demodulated Signal 209 into a Fil- 
ter/Amplifier 210 where the Demodulated Signal 209 is 
filtered. The resulting Filtered Signal 21 1 is then demod- 
ulated in a Subcarrier Demodulator 21 2 to obtain an In- 
formation Signal 213, which is essentially the Informa- 

40 tion Signal 306. The Information Signal 21 3 is provided 
as input to a Processor 200 to determine the content of 
the Information Signal 21 3. Note that if the Mixer 208 is 
a Quadrature Mixer, the Mixer 208 will send both I (in 
phase) and Q (quadrature) signals. In such a case, the 

45 | and Q channels of Demodulated Signal 209 can be 
combined in the Filter/Amplifier 210, in the Subcarrier 
Demodulator 212, or in the Processor 200. 
[0030] In an alternate embodiment of the present in- 
vention, the Interrogator includes a single antenna for 

so transmitting and receiving radio signals. In this embod- 
iment, an electronic method of separating the transmit- 
ted signal from that received by the receiver chain is 
needed. This could be accomplished by a device such 
as a Circulator, which is well-known in the art. 

55 [0031] The present invention includes several imple- 
mentations of the Subcarrier Demodulator 212. These 
implementations include, but are not limited to, conven- 
tional analog l/Q demodulation of the subcarrier signal 
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using, e.g., a Costas Loop, Digital Signal Processing 
(DSP) of the sampled subcarrier, or implementing a re- 
ceiver in digital logic. Since minimizing the system cost 
is one objective, one embodiment of the present inven- 
tion implements the Subcarrier Demodulator in digital 
logic. 

Range Extension 

[0032] The performance of the present invention can 
be enhanced by extending the range of the RFID sys- 
tem. Essentially, this involves extending the ranges of 
the Downlink and the Uplink. Extending the range of the 
Downlink involves several factors. First, the range of the 
Downlink can be extended by minimizing signal loss. As 
mentioned earlier, in one embodiment, the Downlink is 
an amplitude modulated signal which is easily and inex- 
pensively detected by a Detector/Modulator that is a sin- 
gle nonlinear device, such as a microwave or Schottky 
diode. To minimize signal loss from the antenna 301 to 
the nonlinear Detector/Modulator, it is important to 
match the impedance from the antenna to the diode. 
Second, the data rate of the Downlink can be limited to 
reduce the noise bandwidth of the Downlink signal- 
Third, the Antenna 301 of the Tag can be used to filter 
out RF signals outside of the antenna bandwidth (in ad- 
ditional to receiving RF signals). For example, at 2.45 
GHz, allowable RF carrier frequencies are from 2.400 - 
2.485 GHz. The design of the antenna, such as a patch 
antenna, covers this frequency band but filters out fre- 
quencies beyond this range. An ideal frequency re- 
sponse would be for antenna sensitivity to be within 3 
dB across the allowable frequency range, but to fall off 
rapidly beyond this range. Furthermore, the Amplifier 
303 can also act as a filter in the sense that the Amplifier 
can be designed to only pass signals that are within a 
certain passband around the expected Downlink data 
rate, which typically ranges from a few kilobits per sec- 
ond up to tens of kilobits per second. The above-de- 
scribed Tag design is not greatly sensitive to RF trans- 
missions inside the frequency band of the antenna, 
whose modulation scheme is primarily a constant enve- 
lope. Thus, such Tag design allows a robust Tag which 
is resistant to many potential interfering signals. 
[0033] Extending the range of the Uplink also involves 
several factors. First, the noise bandwidth of the Uplink 
signal could be reduced by decreasing the data rate as 
much as possible. The number of useful applications 
that can be implemented is not limited if the data rate of 
the Uplink signal is limited to a few bits per second. The 
limitation of the data rate can be taken to the extreme 
in which there is no data modulated onto the single sub- 
carrier frequency. In such a case, the mere presence or 
absence of a signal received at this subcarrierf requency 
can indicate an "acknowledgment" or "no acknowledg- 
ment" to a previous message. Second, the range of the 
Uplink can be extended using narrowband filtering of a 
subcarrier signal, wherein the subcarrier signal can be 



relatively accurately determined. In one embodiment, 
the frequency source 308 generates a subcarrier signal 
with a relatively accurate frequency. For example, the 
Frequency Source 308 can be a commercially available 

s and inexpensive crystal oscillator with a frequency of 
32kHz, and an accuracy of + 1 00 ppm - that is, the fre- 
quency of the crystal oscillator is known to within + 3.2 
Hz. In one embodiment, narrowband filtering is imple- 
mented in the I nterrogator using a processor 21 0a, such 

10 as a digital signal processor (DSP), that performs the 
functions of the Filter Amplifier 210 and the Subcarrier 
Demodulator 217. In this embodiment, the processor 
210a uses narrowband filtering algorithms, which are 
well-known in the art, to perform digital filtering of the 

is signal with a bandwidth of less than 10 Hz, and first 
sidelobes that are depressed 60 dB. Then, the signal 
strength of the signal received through this digital signal 
processor 210a is measured, and that strength is com- 
pared to a reference signal strength which is sufficiently 

20 above the average noise in that channel when no signal 
is present such that spurious noise spikes are not mis- 
interpreted as actual signals. In this manner, very weak 
Uplink signals can be reliably detected. It has been 
found that, using these techniques, roughly equivalent 

25 range in the Downlink and the Uplink can be achieved. 
[0034] We now discuss the location of the subcarrier 
frequency f s s. MBS systems exhibit noise in the Uplink 
signals due to reflections of the RF source from any 
number of reflectors. There are typically two categories 

30 of reflectors: reflectors that reflect signals at the same 
carrier frequency at which the signal was transmitted, 
and reflectors that reflect signals at frequencies away 
from the carrier frequency at which the signal was trans- 
mitted. The former category includes walls and metal 

35 objects. Signals reflected from these reflectors have an 
arbitrary phase relationship with respect to the carrier 
signal. To cancel the reflections, a Quadrature Mixer 208 
operating as a Homodyne Detector is used. The latter 
category of reflectors generates reflected noise at fre- 

40 quencies away from the main carrier frequency ~ either 
from Doppler shifts (caused by moving metallic objects) 
or from reflections off of electronic equipment operating 
at frequencies near the Subcarrier Frequency. One par- 
ticularly difficult source of noise is fluorescent lights, 

45 which have been shown to produce noise not only at 
their fundamental 60 Hz (in the United States) frequen- 
cy, but also at overtone frequencies well up into the tens 
of thousands of Hertz. It has been found especially help- 
ful to locate the subcarrier frequency f, such that it falls 

so between multiples of the fundamental 60 Hz frequency. 
In one embodiment, a 32 kHz crystal oscillator is used 
to generate a subcarrier frequency that meets this re- 
quirement. 

55 Multiple Mode Operation 

[0035] In one embodiment, the Reconciliation System 
is capable of multi-mode operation. In this embodiment, 
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the Tags and Interrogator are operable to transmit data 
at a high data rate and a low data rate. Note that other 
data rate modes are also possible, and the present in- 
vention should not be construed to be limited to the two 
aforementioned data rates. In one embodiment of the 
present invention, actual data messages, e.g., multi-bit 
or high bit messages, are transmitted and received by 
the Reconciliation System using the high data rate 
mode, and acknowledgment messages, e.g., single or 
low bit messages, are transmitted and received by the 
Reconciliation System using the low data rate mode. 
[0036] Advantageously, the low data rate mode pro- 
vides the Reconciliation System of the present invention 
with enhanced range. As discussed earlier, the low bit 
rate mode is used to transmit the acknowledgment mes- 
sages which are typically one bit or relatively low bits. 
Because of this fact, the acknowledgment messages 
could be transmitted over smaller frequency bands than 
actual data messages. Smaller frequency bands permit 
the application of narrowband filtering of noise outside 
the frequency band, thereby enhancing the range the 
acknowledgment message could be transmitted. 
[0037] As discussed above, to send a single bit of in- 
formation, the Tag could generate an unmodulated sub- 
carrier frequency which could be modulated onto the in- 
cident signal, i.e., reflected continuous wave radio sig- 
nal, using modulated backscatter. The Interrogator 
would then receive a reflected signal with a single fre- 
quency tone. Narrowband filtering techniques could 
then be used to reduce the noise bandwidth and deter- 
mine the presence or absence of this signal. 
[0038] In operation, the Tag 1 05 detects and assem- 
bles the bits of information sent from the Interrogator 
103 as a Downlink message. Typically, a pattern of syn- 
chronization bits is transmitted at the beginning of the 
Downlink message. These bits allow the Tag to acquire 
bit and message synchronization, thereby enabling the 
Tag to determine the beginning and the end of the Down- 
link message. In one embodiment, the Downlink mes- 
sage includes an Address, a Command, and perhaps 
Data and Error Detect and/or Correct. The Command or 
Data portion of the Downlink message should indicate 
whether the Tag 1 05 is to return an actual data message, 
such as a Tag ID or other application-specific data, or 
an acknowledgment message, such as a single-bit ac- 
knowledgment message. 

[0039] The Processor 305 of the Tag 1 05 determines 
what type of Uplink signal is to be transmitted back to 
the Interrogator. There are several ways that the Tag 
105 may transmit either an actual data message or an 
acknowledgment message so that the Interrogator 1 03 
can receive and distinguish between these two different 
types of messages. Referring back to FIG. 3, in one em- 
bodiment, the Information Signal 306 is transmitted from 
the Processor 305 to the Modulator Control 307 over a 
lead 306a. In the event that Processor 305 of Tag 105 
is to send a "single tone" message consisting of a single 
information bit, the lead 306a is maintained in a first logic 



state to indicate that no information message is to be 
sent, thereby causing the Modulator Control 307 to out- 
put an unmodulated subcarrier signal 311 . In the event 
that Processor 305 determines that an actual data mes- 

s sage is to be sent, the lead 306a conveys the actual data 
message to the Modulator Control 307. This actual data 
message is then used to modulate the subcarrier signal 
308a using one of several possible modulation tech- 
niques, such as amplitude, phase, frequency, or code 

10 modulation. 

[0040] Referring back to FIG. 2, the Interrogator 103 
receives and demodulates the modulated (or unmodu- 
lated) subcarrier signal from the received Uplink signal, 
and then applies filtering. Given the specifics of the sub- 

15 carrier frequency, a suitable filtering amplifier 210 is uti- 
lized to filterout noise. Subcarrier Demodulator21 2 then 
demodulates the Information Signal 306, if any, from the 
modulated (or unmodulated) subcarrier signal. The 
Processor 200 then performs the digital signal process- 

20 ing necessary to decode the information signal 306. In 
one embodiment of this invention, the Processor 200 
may be a Digital Signal Processor (DSP). In other em- 
bodiments, a conventional Microprocessor could be 
used as the Processor 200. 

25 [0041] To recover a "single tone" acknowledgment 
message having a single subcarrier tone, the filtering 
amplifier should be a narrowband filter. While conven- 
tional filter technologies could be used, it may be most 
effective to utilize the DSP 210a mentioned above as a 

30 narrowband filter. The subcarrier frequency of thissingle 
tone is well known since the Tag 105, in one embodi- 
ment, would typically use an inexpensive crystal as the 
frequency source. Even with the limited accuracy of that 
crystal, the subcarrier frequency could be known to an 

35 accuracy of a few Hertz, therefore allowing very narrow- 
band filtering. Since the acknowledgment message re- 
sponse from Tag 1 05 is used to extend the range of the 
RFID system and consequently would likely be a very 
faint signal, it places an additional burden on the nar- 

40 rowband filter of filtering amplifier 210. 

[0042] Another way that the DSP mentioned above 
could be used is to dynamically search for the frequency 
components of the Uplink signaL This could be accom- 
plished by performing a Fourier Transform on the incom- 
es ing data stream, in one embodiment, using the Proces- 
sor 200 of FIG. 2. In this embodiment, the multiple sig- 
nals representing a modulated subcarrier signal could 
be differentiated or a single subcarrier signal of uncer- 
tain data rate could be recovered using the Fourier 

50 Transform to search for multiple signals. 

[0043] Thus, we have shown how a modulated back- 
scatter communication system can operate in two 
modes -one in which the backscattered signal is mod- 
ulated to provide a high data rate Uplink communication 

55 channel, and one in which the backscattered channel is 
modulated with a low data rate signal, perhaps a single 
tone, to provide an Uplink acknowledgement signal that 
can be detected at great distances. 
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Multi-Mode Implementation 

[0044] In one embodiment, the multi-mode operation 
of the present invention Reconciliation System is imple- 
mented into three services. The first service to be dis- 
cussed is referred to herein as "Interrogation" service. 
Interrogation begins with the Interrogator transmitting a 
Downlink referred to herein as an Interrogation Signal 
to the Tag. The Tag decodes the received Interrogation 
Signal and determines what actions to take based upon 
the decoded Interrogation Signal. In a "standard" Inter- 
rogation, the Tag would be requested to transmit a set 
of data referred to herein as Mandatory Data back to the 
Interrogator using MBS. Each Tag in a reading field of 
an Interrogator that receives the "standard" Interroga- 
tion responds with its Mandatory Data, using a protocol 
discussed herein. Note that the term "reading field" is 
defined as the area of space within which the Tag and 
the Interrogator can communicate. The Interrogator also 
transmits, as part of the "standard" Interrogation serv- 
ice, data intended for each and all Tags. Examples of 
such data include time of day, framing and other syn- 
chronization information, etc. In one embodiment, the 
Mandatory Data includes identification information 
[0045] Beyond the "standard" Interrogation, other 
types of Interrogations are possible as well. For exam- 
ple, the Interrogator, after identifying a specific Tag us- 
ing the Interrogation, could transmit additional data to 
that Tag to be stored in the Tag's memory. The Interro- 
gator could also request the Tag transmit other data, 
stored in the Tag's memory, back to the Interrogator. 
These additional data communications could be per- 
formed at the same data rate used in the "standard" In- 
terrogation. Thus, Interrogation could be used to trans- 
mit commands and data to each and every Tag, to iden- 
tify a specific Tag in the reading field, and to communi- 
cate bi-directionally with a specific Tag. In Interrogation, 
the data rate required in the Downlink is typically not 
large, since the Interrogation Signal only must contain 
enough bits to request all Tags in the reading field to 
respond. In the Uplink, the amount of data is typically 
much larger than the amount of data in the Downlink. 
Since the Mandatory Data must frequently be transmit- 
ted in the Uplink in a time critical manner, the data rate 
should therefore be much higher in the Uplink than the 
Downlink ~ that is, there exist asymmetry in data rates 
between the Uplink and Downlink in the sense that the 
Downlink data rate is smaller than the Uplink data rate. 
[0046] The second service is referred to herein as 
"Location." The Location service is used by the Recon- 
ciliation System to locate the position of a Tag. In Loca- 
tion, the Interrogator transmits a Downlink referred to 
herein as a Location Signal to the Tag containing the 
address of a specific Tag to which the Location Signal 
is directed. In this source, the Tag is requested to re- 
spond, one embodiment, with a simple acknowledg- 
ment message, such as a constant tone signal. Using 
the narrowband techniques discussed above, a con- 



stant tone signal can be received by the Interrogator at 
a range far beyond the range of the Interrogation serv- 
ice. Therefore, in the Location service, there exist an 
asymmetric communications path where the Downlink 

s has a greater data rate than the Uplink. 

[0047] In one embodiment, the Location service is 
used to determine the location of a specific Tag 105 as 
follows. Let us assume that the Reconciliation System 
currently has no information as to the location of a Tag. 

10 The Interrogators of the Reconciliation System transmit 
Location Signals and then listen for possible responses, 
i.e., acknowledgement messages. In one embodiment, 
each Interrogator is operable to determine the signal 
strength of the received response (if any) and reports 

is their determination to a location process residing on the 
LAN 102 or Application Processor 101 , wherein the lo- 
cation process is a software process operable to deter- 
mine the location of a Tag based on the signal strength 
of the acknowledgment messages being reported to the 

20 location process by the Interrogators. In one embodi- 
ment, the location process determines the location of 
the Tag is equal to the location of the Interrogator re- 
ceiving the strongest acknowledgment message signal 
strength, wherein the accuracy of the Tag's location is 

25 the effective range of that Interrogator. In another em- 
bodiment, the location process utilizes a more complex 
method to determine a Tag's location if more than one 
Interrogator received an acknowledgment message. In 
this embodiment, the location of the Tag can be deter- 

30 mined based on which Interrogator received an ac- 
knowledgement message and the spatial position of 
each Interrogator. For example, if two Interrogators re- 
ceived an acknowledgment message of equal signal 
strengths, then the Tag's position could be estimated at 

35 half way between those two Interrogations. If three In- 
terrogators received an acknowledgment message, 
then a "triangulation" could be performed. See "The 
NLOS Problem in Mobile Location Estimation Proceed- 
ing 1996 5th International Conference on Universal Per- 

40 sonal Communic. Oct 96" by Marilynn Wyle and Jack 
Holtman. 

[0048] The third service is referred to herein as "Mes- 
saging." In Messaging, a Downlink referred to herein as 
a Messaging Signal containing the address of one or 

45 more Tags and data intended for those Tags is transmit- 
ted by the Interrogators. The Tag or Tags whose address 
matches the Tag address or addresses in the Messag- 
ing Signal could be instructed to store that data in a 
memory associated with the Processor 305, such as 

so memory 305a, or perform some other function with that 
data. There appropriate Tags could respond to the Mes- 
saging Signal in one of several manners. If the Messag- 
ing Signal instructs the Tag to store the data, the Tag 
acknowledges receipt of the Messaging Signal by re- 

55 turning an acknowledgment message to the Interroga- 
tor. Alternatively, if the Messaging Signal instructs the 
Tag to make a decision, or to transmit other data back 
to the Interrogator, then the response could be an ac- 
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knowledgment message with a few bits of data. Thus, 
in Messaging, there exist an asymmetric communica- 
tions path where the Downlink has a greater data rate 
than the Uplink if the Uplink is an acknowledgment mes- 
sage. If the Uplink is an actual data message, there will 
typically exist an asymmetric communications path 
where the Downlink has a smaller data rate than the Up- 
link. 

[0049] In an alternate embodiment, it is possible for a 
communication to begin in one of the above services 
and change into another service. The following is an il- 
lustration of such a possible communication. Assume 
communication with a Tag is desired. A Messaging Sig- 
nal is transmitted from the Interrogator to the Tag in- 
structing the Tag to respond with a simple acknowledg- 
ment, which is received by the Interrogator. Further as- 
sume that, based upon the acknowledgment message 
received by the Interrogator, the Interrogator wishes to 
instruct the Tag to transmit additional data back to the 
Interrogator. For example, the Interrogator determines 
the signal strength of the acknowledgment message 
and, if the signal strength is below a certain threshold, 
limits the Uplink data rate to the data rate normally used 
in the Uplink for the Messaging service. Otherwise the 
signal strength is above a certain threshold and the In- 
terrogator changes the Uplink data rate to the data rate 
normally used in the Uplink for the Interrogation service. 
It should be understood that, while the above example 
showed how the Uplink communications could take 
place at either one of two possible Uplink data rates, 
other Uplink data rates are possible. 
[0050] In one embodiment of the present invention, 
all three services discussed above can coexist in the 
same system and be operational at the same time. We 
begin with the realization that these services, based up- 
on the required data rates, support different ranges from 
the Interrogator to the Tag. For example, the Interroga- 
tion service involves significant data transmission over 
(relatively) short time periods, such as when a Tag 
moves by an Interrogator. The required data rate is fur- 
ther increased if there are several Tags in the reading 
field at one time. When there are multiple Tags transmit- 
ting data simultaneously, a protocol is required to allow 
multiple Uplinks without mutually interference. In one 
embodiment, the protocol used is Aloha or Slotted Alo- 
ha. Typical data rate for the Interrogation service range 
from 50 kbps - 300 kbps. Note that, in the absence of 
other factors, range and data rate trade off against each 
other. See "Queuing Systems Vol. 2 Computer Applica- 
tions" by Leonard Kleinrock, published by John Wiley & 
Sons, NY in 1976. 

[0051] In summary, there exist two different "asym- 
metries" in data rates: greater data rates for Uplink than 
Downlink in the Interrogaton service, and greater data 
rates for Downlink than Uplink in the Location and Mes- 
saging services. Thus, the effective range for the Inter- 
rogation service is smaller than that of the Location or 
Messaging services because the Uplink data rate re- 



quirement is greater in the Interrogation service. This 
difference in ranges is illustrated in FIG. 4. It is important 
to observe the relationships between these data rates. 
In the "Range Extension" section above, it was dis- 

5 closed howto achieve significant range extension using, 
among other techniques, narrowband filtering. In one 
embodiment, the Location and Messaging services 
roughly have a Downlink data rate of a few kilobits per 
second and an Uplink data rate of a few bits per second. 

10 The Interrogation service has roughly a Downlink data 
rate of a few kilobits per second and an Uplink data rate 
of 50 kbps - 300 kbps. 

[0052] Referring to FIG. 5, there is shown an illustra- 
tion of the relationship between the ranges for these 

is three services. As shown in FIG. 5, the Downlink range 
503 is the same for all three services. The Uplink range 
502 for the Location and Messaging services is roughly 
the same as the Downlink range 503. By contrast, the 
Uplink range 501 for the Interrogation service is much 

20 smaller than the Uplink range 502. 

[0053] Note that the above discussion ignores the ef- 
fects of directional antennas. In some Interrogation ap- 
plications, it is appropriate to use directional antennas 
to increase effective range, and to form a "reading field" 

25 whose shape and size is optimized to that application. 
The above discussion has been general, and implicitly 
assumes that all three services use the same antenna 
technology. The use of different antenna patterns will be 
discussed herein. 

30 

RFID System Architecture 

[0054] At this point, the placement of the Interrogators 
will now be discussed. Referring back to FIG. 1 , the Ap- 

35 plication Processor 101 is operable to support a Data- 
base 110 that stores information regarding passenger, 
baggage and cargo. For example, the Database 110 in- 
cludes information about the identity of the passengers 
on board an aircraft, the passengers' associated bag- 

40 gage, the location of the baggage, etc. In one embodi- 
ment, the Interrogators are distributed throughout the 
airport complex. For purposes of discussion, it is as- 
sumed that the coverage throughout the airport complex 
for the Interrogation service is not complete, i.e., the In- 

45 terrogation service is only available in certain well de- 
fined areas of the airport complex. This assumption is 
justified since the Interrogation service is generally used 
to identify Tags as they pass by a specific location (such 
as a doorway, etc.) It is further assumed that for the Lo- 

50 cation and the Messaging services, the coverage of the 
airport complex is greater than the coverage for the In- 
terrogation service. Ideally, it is desirable to provide Lo- 
cation and Messaging services to anyone in the airport 
complex. 

55 [0055] For the Location or Messaging services, one 
embodiment of the present invention would be to place 
enough Interrogators in the airport complex such that 
any point in the airport complex is within the range of at 
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least three Interrogators, thereby permitting the imple- 
mentation of a Location service using triangulation of the 
received Uplink signal strength. In another embodiment, 
the Interrogators are placed in a "partially overlapping" 
fashion, such that any point in the airport complex is 
within the radio coverage area of at least one Interroga- 
tor. Given this configuration, a relatively simple Location 
service can be implemented, with the accuracy of the 
Location service comparable to the coverage area of 
one Interrogator. 

Baggage and Cargo Identification 

[0056] At this point, the distribution of the Tags will 
now be discussed. To support automated identification, 
one embodiment includes three types of Tags 1 05; a Ra- 
dio baggage tag, a Container Tag, and an Aircraft Tag. 
These automated identification means supplement or 
replace methods in operation today, which includes 
manual sortation of optical bar codes. 

Radio baggage tag 

[0057] Referring to FIG. 6, there is shown a Radio 
baggage tag 610 in accordance with one embodiment 
of the present invention. As shown in FIG. 6, the Radio 
baggage tag 610 includes a Tag 105 which may have a 
luggage identification, a passenger identification, rout- 
ing information, etc. Note that the Radio baggage tag 
610 may also include a Bar Code License Plate 620 to 
provide routing and other information in airports where 
the Reconciliation System of the present invention is not 
available. To reduce the cost of the Radio baggage tag 
610, several components of the Tag 105 may be elimi- 
nated. Referring to FIG. 7, there is shown a block dia- 
gram of a Tag 105-1 in accordance with one embodi- 
ment of the Radio baggage tag 610. As shown in FIG. 
7, the Tag 105-1 includes an Antenna 701 and a single 
Integrated Circuit (IC) 710, which includes a Detector/ 
Modulator 702, a Logic Control 704 and a Power Rec- 
tifier 703. In this embodiment, the Radio baggage tag 
610 is a read-only Tag, and not a read-write Tag - that 
is, the Tag 1 05-1 is only capable of responding to an 
Interrogation Signal, and the response provided to the 
Interrogation Signal is fixed, i.e., the Tag is "write once, 
read many." 

[0058] The Tag 105 illustratively shown in FIG. 3 has 
been greatly simplified to arrive at the Tag 1 05-1 of FIG. 
7. The Antenna 701 receives the incoming RF signal 
and power is supplied to the circuitry of the Tag 105-1 
by the Power Rectifier 703, i.e., the Power Rectifier rec- 
tifies the incoming RF signal. The range at which the 
Radio baggage tag 61 0 can be powered is then the con- 
trolling factor in both the Downlink and the Uplink range. 
In one embodiment, the maximum range of the Tag 
105-1 is two meters. Furthermore, since the Tag 105 is 
read-only (and not read-write), there is no need for a 
Processor as sophisticated as a 4 or 8 bit microproces- 



sor, and custom logic, such as the Logic Control 704 can 
be substituted. Still further, since the data is written once 
and read many times, the Tag does not need an expen- 
sive on-chip re-writeable storage - that is, inexpensive 

s fuses contained within the Logic Control 704 can be 
used. The Logic Control 704, upon detection of an in- 
coming RF signal, then activates the Detector Modulator 
702 to perform the modulated backscatter communica- 
tions disclosed above. The Tag 105-1 of FIG. 3 can 

10 therefore be reduced to a Single IC 71 0 with an Antenna 
701 . Note that the Radio baggage tag 105-1 could also 
be used for the Location service. Further note that the 
initialization of the Radio baggage tag 61 0 includes writ- 
ing into memory the data desired to be retrieved in the 

'5 Interrogation service, e.g. , associated passenger, iden- 
tification number, etc. This initialization could be done 
during or after the process to print the Bar Code License 
Plate 620 onto the Radio baggage tag 610. 



[0059] In one embodiment, the Container Tag is a 
read-write Tag 105. Preferably, the Container Tag is 
packaged in a rugged packaging, due to the environ- 

25 mental stresses placed upon it. Referring to FIG. 8, 
there is shown a Container 810 with a Container Tag 
820 being loaded onto an aircraft via a cargo bay door 
840. In one embodiment, the Container Tag 820 is op- 
erable to respond to Interrogation, Messaging, and Lo- 

30 cation services. The Container Tag 820 is designed to 
be affixed to the Cargo Container 810 (which could be 
a container or a pallet), so that the Cargo Container 810 
can be identified as it passes though an entrance or 
egress to a cargo handling facility, and aircraft, etc., 

35 where an Interrogator will be typically positioned. 
[0060] Because the Container Tag 820 has read-write 
capabilities, the Container Tag 820 may be used to store 
helpful data. For example, assume that pieces of bag- 
gage containing Radio baggage tags 61 0 are loaded in- 

40 to a Container 81 0 equipped with a Container Tag 820. 
The identification data can be read from the Radio bag- 
gage tag 610 by the Interrogator using the Interrogation 
service. Such identification data can be subsequently 
transmitted to and stored in the Container Tag 820 using 

45 the Messaging service. Thus, data concerning the con- 
tents of the Container 810 would be available though 
the Container Tag 820. Also note that the Container Tag 
could also be used in the Location service to locate mis- 
placed, lost or stolen containers. This could be of benefit 

so in an airport environment, since it may happen for one 
airline to barrow a Container 810 from another airline, 
and not inform the other airline of the borrow. 

Aircraft Tag 

55 

[0061] Aircraft Tags of the present invention can be 
used to determine whether baggage, cargo and/or con- 
tainers have been loaded onto a particular aircraft. In 



20 Container Tag 
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one embodiment, the Aircraft Tag is a function equiva- 
lent to the Tag 105 of FIG. 3 -- that is, the Aircraft Tag 
has read-write capabilities. Referring back to FIG. 8, a 
Container 81 0 is loaded onto an Aircraft 860 by the use 
of a Crane 850. Mounted onto the Aircraft 860 at or near 
the Cargo Bay Door 840 is an Aircraft Tag 830. In one 
embodiment, the Aircraft Tag 830 has Mandatory Data 
that identifies the Aircraft 860 and the Cargo Bay Door 
840 being used. In operation, the Interrogator 105 on 
top of the Crane 850 could read the Aircraft Tag 830, 
thereby allowing the Reconciliation System to know the 
identity of the Aircraft 860 on which baggage, cargo and 
containers are being loaded and the identity of the Car- 
go Bay Door 840 being used. Thus, associations be- 
tween the Aircraft 860, the Cargo Bay Door 840, the Ra- 
dio baggage tag 610, and the Container Tag 820 can be 
made. 

Passenger Identification 

[0062] Referring to FIG. 9, there is shown a Passen- 
ger 1020 entering a Gateway 1010 to board an aircraft. 
The Passenger 1020 has an Identification means 1030. 
The Identification means 1 030 can be, but is not limited 
to, a Boarding Pass 1 001 , a Radio Boarding Pass 1003, 
or a Passenger Card 1002. 

Magnetic Boarding Pass 

[0063] The Magnetic Boarding Pass 1 001 is a device, 
in one embodiment the size of an airline ticket, with an 
attached magnetic stripe. The information on the Mag- 
netic Boarding Pass 1001 can include the identification 
of the passenger, the flight number and seat number of 
this passenger, and other such data. When the Passen- 
ger 1 020 enters the Gateway 1010, the Passenger must 
insert the Magnetic Boarding Pass 1001 into a Magnetic 
Card Reader 1060. A mechanism, such as a Turnstile 
1040 or an Optical Sensor 1050, to restrict a person 
without a valid identification from boarding is preferred. 
In this embodiment, the Magnetic Card Reader 1060 
reads the contents of the Magnetic Boarding Pass 1 001 , 
and transmits the identity of the Passenger 1020, or oth- 
er such information, to the Applications Processor 101 
of the Reconciliation System which, in turn, stores and/ 
or processes the information into the Database 110. 

Radio Boarding Pass 

[0064] The Radio Boarding Pass 1 003 is a device with 
an embedded Tag that is a functional equivalent to the 
Tag 105-1 of FIG. 7- that is the Radio Boarding Pass 
1003 has a read-only Tag 105-1 containing the identifi- 
cation of the passengers, among other data Thus, the 
identity of the Passenger 1020 can then be determined 
by an Interrogator 1 03 reading the Radio Boarding Pass 
1003. 

[0065] As disclosed below, using the incident RF field 



to power a Tag 105 will cause the effective range of that 
Tag 105 to be greatly reduced. Therefore, in order to 
read the Boarding Pass 1040 as the Passenger 1020 
boards the aircraft, an Interrogator 103 should be locat- 
s ed at the entrance of either the boarding ramp, or the 
entrance to the aircraft itself. 

Passenger Card 

w [0066] The Passenger Card 1002 is a functional 
equivalent of the Tag 105-1 of FIG. 3 -- that is, the pas- 
senger card 1002 has read-write capabilities, i.e., data 
can be transmitted to the Card, stored on the Card, and 
retrieved from the Card. A Passenger Card 1002 would 

is likely be initially issued to the Passenger 1 020, and then 
re-used over numerous trips. 
[0067] The Passenger Card 1 002 is operable to re- 
spond to the Interrogation, Messaging, and Location 
services discussed above. Thus, using the Interrogation 

so service, the identity of the Passenger 1 020 boarding the 
aircraft can be determined; using the Messaging Mode, 
data can be transmitted to the Passenger Card 1002; 
and using the Location Mode, the location of the Pas- 
senger can be determined. 

25 [0068] As the Passenger Card 1002 approaches the 
check-in counter, the Passenger Card 1002 could be in- 
terrogated by the Interrogator 103. The identity of the 
Passenger 1020 could then be determined, thereby al- 
lowing the attendants to greet the Passenger 1020 by 

30 name. In another embodiment of the Passenger Card 
1002, the Passenger Card 1002 could contain informa- 
tion regarding the identification numbers of the pieces 
of baggage checked by this Passenger 1020, thereby 
facilitating retrieval of the baggage. 

35 [0069] The Passenger Card 1 002 could also be used 
by the Passenger 1020 to check in at an automated 
check-in station, such as a device similarto an Automat- 
ed Teller Machine, thereby expediting airport check-in 
procedures. The automated facility could also provide 

40 seat assignment based upon preferences stored in the 
Passenger Card 1002. 

[0070] What has been described is merely illustrative 
of the application of the principles of the present inven- 
tion. Other arrangements and methods can be imple- 
45 mented by those skilled in the art without departing from 
the spirit and scope of the present invention. 



Claims 

50 

1. A communication system comprising 
an interrogator (103); 

a first radio frequency tag (105) having informa- 
55 tion associated with a first item, the first radio 

frequency tag utilizing modulated backscatter 
to communicate with the interrogator; and 
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CHARACTERIZED BY 

a second radio frequency tag (820) having in- 
formation associated with a second item and the 
first item, the second radio frequency tag utilizing 
modulated backscatter to communicate with the in- s 
terrogator. 



2. A system as claimed in claim 1 wherein the first ra- 
dio frequency tag is operable to perform interroga- 
tion services with the interrogator. 10 

3. A system as claimed in claim 1 wherein the second 
radio frequency tag is operable to perform interro- 
gation, location or messaging services with the in- 
terrogator. 15 

4. A system as claimed in claim 1 comprising an iden- 
tification card (1030) having identification informa- 
tion of a third item that is associated with the first 
item. 20 



5. A system as claimed in claim 4 wherein the identi- 
fication card is a radio frequency tag. 

6. A system as claimed in claim 4 wherein the identi- 25 
fication card is operable to perform interrogation or 
location services. 



7. A system as claimed in claim 4 wherein the identi- 
fication card stores passenger information. 30 

8. A system as claimed in claim 4 wherein the identi- 
fication card has information associated with the 
first item. 

35 

9. A system as claimed in claim 1 wherein the first ra- 
dio frequency tag is a read-only tag. 

10. A system as claimed in claim 1 wherein the second 
radio frequency tag is a read-write tag. 40 
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PROBLEM TO BE SOLVED: To detect the position of a specific 
baggage from among many pieces of baggage loaded on a truck. 
SOLUTION: An ID tag in which identification information, a 
destination, etc., are written is fitted to the baggage to be loaded to a 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wireless communication 
control system capable of remarkably reducing processes needing the 
manpower to reduce the cost and to shorten a time. 
SOLUTION: This wireless communication control system comprises a 
wireless communication device 33 attached to the baggage and 
having a memory, an access point device 31 capable of wirelessly 
communicating with the wireless communication device 33, a personal 
computer 34 capable of wirelessly communicating with the access 
point device 31 to read out the contents in the memory of the wireless 
communication device 33 through the access point device 31 , and a 
network 35 such as a telephone line. 
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[0015] ftic iffgifcB&Jbi'^Afco^TRm- 

5. ffiAl 2 3(Ci4^*raB 0 p^^l 2 4#g*3*l,-CV> 
5. LT, j»A1-tV«, ^©S£f£*l,fcf&B 0 B^l 2 
4**3*1,*. LWoT, *»A<OiSi& 1 2 3 

12 5MW^124WU »#W*»1-5. 
[0 0 16] 

MiHaffilfai'^Ai: LTOWIwyA, POSi/ 

3k> A*#£K*I*fc:&^T«fcJ:LT*Sifc=* 
[0 0 17] rfflilUffl^^fAfft^ A¥#|;, 

[0 0 18] #«Ktt, r<0g#«rWfc1-fc», A¥# 

[0 0 19] 



* y s as^afisa t , mmm\mm t mmmte 

jtfW ^ h®Bt SS£la«£tT 5 r. t * *NBt?T * i? * # 

[0020] rfrUc i <9 , A###B&xgfc;fcttn:ll 

{fWa^'rAa^fctvSo 
[0 0 2 1] 

[0022] r i 5 , mm<Dmmm\~x^~ 
*u ffifSAttf«, ft4mwMt©««fca«L, «naffi 

§SW©** !J |ii±|Bfl!f«SrE***, r»*£$ia{f SB 
fc*svvr, -Jgl*|l]|l]IBTfT^*^*-f^Ht*H:*© 

^ica^-rsr tic ±9, /<-yt/V3yf 

Bai**Jt?otfP#*WSAK^ -/^ic J; 0 ffl&!&»o* 
f^fflSr#1-5. 

[0 0 2 3] |f*«2 iciBftco^affita^^A 
#ifeiSrSa^1-?. Yyy? h 5 y ^ tt, h 9 y 9 

[0024] r <om&K£ V , ttsmMZtitzi&mmm 

T B* icHiig iclSB $ Jifc b 9 y 9 ffl^- V ^ = ^ 



[00 2 5] flf&S 3 iC|a*»*HS{f fl-^f A 

w*fii taawaaaaaa^* f^KiaB^-c* 
mmmmmmicttzLX, tutfr-Ffceaasih,**!)* 

[0 0 2 6] r. ©«$(;:<£ 9, ^-7^^.cottiAP#iafr 
[0 0 2 7] a&S4 (CfB«©*Hiilf flWfA 

(4, a#m n:e*©aaaflMf«i'*5 i .ME:i3VN-c, 

T^ir^tfUvh »»*/£© WAD Pift«JcB»Snfc 
zbb LfcfcOTNb*. 

[0028] t>» jEromAPttifitcssv* 

#jW»o TV ^ 5H,a:W*A**©iSiBi-e;fca r i 
y?U K7©a»aH«»&fT5i:#K, 

[0 0 2 9] ft*3l5(C|a«cDte||ii|f^a^^rA 
tfcA#- Kfc, l±Ji#~ K©ft • ^ft^«W-t-§« • * 

«-e#w^p«-/HB«S:^ri-*PBx^9 i At, 

^/K^^hg*t> 7*^*4^ ybg«i«i§iaffi£ 
bbLtch<DXh% 0 

[0 0 3 0] £©«#£.£!>, ^7^^#(C*3VNT, r 
y^/U3ytfa-^Wlt«ON/OFF«jB*fcB:ififll 

^y rrtfc^m*&«Foa*»flraa©ft • ^ft&& 

BU ft • *ftt«f— /<-fcwatfc*©H«fcKSira 
©aa#fcofc#e\ W^^-;H«PBXv'^ 

ft-*fttfsf--'*-fcffiiWR*i»£u 
sitfcau-cv^jxtf, ft • ^ftwaf— 



[0031] nr&g 6 £ti*©aa»a tiv^f a 
a, iwtsj«ra^5aiia«ffa^yA'Cjbo 

«r*KeK*^*y*^5«aaflisg«i:, * 
aaasa fc aaaa 5 1 1 a* wafcr * #w 
yhS*^ r^-fe^^v hsa&aaa«&fT5r. 
i RTHtf r ^•fe^.jK-r y h*&w.%ft Lt«naif aa 

t^-* fc &#*5 rtt Lfcfc©T*>5„ 
[0 0 3 2] r©#*KJ:t), t/ifrfey^-l-^T, 
flfttff iffi©^*- y t/V3 y fa -SPflPB 
t?7^i?^^yhSI^Lt, iKf«©ft**aSr# 

fir* lint 9 # »t & *ifc«na{ta* i: #tM* a *»«•*- 

[0 0 3 3] a#g 7 (i|5«©*i^ffi{f fly^T A 

^wa/i^yy^ssaafBsat, 
WLt^ y y^naaaflrsa©^ y y7V>s*Las«r 
a^gniffaaiKQ -^L^at, gnwaaao • 
^ Lgff t ©aa^wa* pos^fAt 

[0 0 34] r©#^(Cii9, HOPOS^fAKJa 

v^T, aa, ft«a©a*©aaflMift^»aa««» 
B»^^-yiriBiis*T*5t, *5**»»A-t-*as s» 
it#$g^9 -^L^gfcA^si, i»a«Ra9 • 
**iaai2, mm^o^mhMtmmm^m 
wo>**vfcmmzntzffi&ffim*m^m, posy 

^.^Aic^cort^Sra^L-, POS-yxrAii^t^ 

ta*u *fjsi-5^^m^s^^ h^icj; o 

<Dfr&& m'smm. *> • w\- bmx<z>^b\c 

[0035] «t> *aa©a*©aan:ov^T, hi 

[0036] (na©^a i ) 0 1 ^4^ *«?a©**© 
1 1 .t saaaatfa^f ASra^saaaa 

[0037] ei i ^c^ov^T > i tt^aaa*»fe©A*Sr 

* y s 3 ttws©aHtffi©^P h a^nwpsrff 5 asfli^ 

Artic9'-**«jiM-*aa«-«*-^^Kfta», 5i± 

icjtur»£©aa*fT5«a«^ e^^astti^w 
aaa#fc#u-c»3eaaftKT h^?rfT 

5SI«a«», 7^17^^ 8li3Sft7^t, 
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9 fsgfsr yft8 ^gjt vtc%mm%<&femmm^ 
icnmvftmm^n^mmn, 1 nmmmi omtxo 
mas, 1 2 tegm^-x/o- vtu-mn 1 1 
5^nF3/^ 13 bfc7=- 9 

[0 0 3 8] K±o «fc 5 ^«^$^fc*^ii«ggi'o 

[0039] Sfiw^^-m, ^l^boj&m 

M^a h 3 Otti^fcA;* Lfci£fB"<-*^ K 

[0 0 4 0] SteJMfcKlfe-^TB:, §«7yTt8^ 
LTgff LfeSflMt** A^J Lfcglf 9 (4, 

fc5Hlff*H:ttWtt 1 OKA* Six, «PlfI51 0(4, £ 
1!4, fflPMnj-tefcfL-C, 

&©?*-*«itW«:m\ %it? ! -9%mt)1rZ, 0 S« 
7»n h a;w*|5 1 2 i4, gft^-*/^ FMSC 1 1 4»6 

[0041] ±B*f«iaflB!E««rffiv^«»aflrffa^ 

7rAi LtroW^^A^MLT, H2~l2l4^ffl 
vvC*©IMi*f?5. H2B3«WB©»«lfc*»*5flt 
«»tii*oRWEa-Cfc9, B 3 l icas 

[0 04 2] H 2 (Cfc^T, 2 1 i4*»«{f mUZ^M 
L-fc^-y^/W^VtV-i? (PC) , 2 2(4«£fU 
fflLT£?)fcV«, 2 3f4»2 2fctt9{*rt&*Ult 

«i»ii«S6«tf*>5. *1\ *OT#J4, 4Wt©**BW 
ic»2 2£*SoT*Tt, ffSSAttf«» flfSAtiWR, p n p 
45fflf«*«rfiS#*fcttS^* s PC 2 1 iCgSA-t-So * 
©flEASftfcrt**:, P C 2 1 iCftjttSftfcftilftStirSt 
*&#UC\ 2 30^!J 2rtfcB*U 

*©«f«biSfllS»2 3Sr«f*2 2J!:Jft9^5. ffi%2 



2 ttfcJRftgfl!^ <b*ffi h 9 y * K i 0 ®)ffi±>9-\c 
[0 0 4 3] ftic, «i?y*-rtcDgft##(7Xg(c 
[0 044] 03 Ki3VvC, 3 1 (4«£tffi«£EB£ftK 

LT^-fey-^yht^ST^-fe^^-f^h^Bs 3 2 

s4iMt st^it ®, 3 3 \mmm u &*tfc*M*a 

fiSIB, 3 4teg»##ttI^£t«-f5«MffiKB 

rtKO/^-y^a^lfa-^ (PC) , 3 5t4*iSSI 
I3 3^t. PC34(1 T^ir^^yhiSB3 1 

fc«BaflHfeflo-cj8 5, 7n^WyF^i3i«s 

ttttJ Lfc*Si»fflflr§$* 3 3 t P C 3 4 <D<f~9-<~-X t 

PC 3 414, *^ffl{f^»3 3©^^ei) 2rt 

ro1f$g£i£{f^5i5i-7^ir*^>-bi£B3 1 
LTgftU *©rt*S:SfS1-5i:. PC3 4®t^ 
*<-^lCi»ttK:»W"6. PC3 4i4, T^ir 

Ts^y VmW.3 l£^LT, f-^-^fcBfcSft 

fcffif£Aflrau:f£v\ ffife<Dft&m&&<ttfflKmte#i 

T) SrftiJ«1-5o 9-<>'©a»IWfPfcJ:9, iWWfcSf 
£©**(r«^»«ftfc£* rofttt 3 2 (4, BBS h y v 

[0 0 4 5] ffiWroffii&MIMJL WftAflMS, 

3 5%m^XJy9-*y Y^^tzYyy^y^ 
^^AfcJj»**, §fofc#S!Alf*, ffiSAflmfc 
^-/wr Kv^a*eAS*i»TV>*itf, jffSjWSSAXrW 
SAlc^^coit^A'lf*, «f*AflMI» p B B*'»a, 
E»l$M#©#gAK J E5«*flNllSr«Fofc^--/i'*a6« 

— 1-^14, &(omw.±y9~-ft<Dxmmffltfwm 
ttevx^titi. H2^i«r»]jf©pc2i*»bittirt- 

[0 0 4 6] rC^-CO^iry^-rtOi^JfEXe^ 
40, «WlE-fe^^-©9>f^xe©*A^*SHn5. 

[0047] mm±y9~-xmw£tt£th 

T, BflSh7y^^icm4^citt)i4, «-lt5fetiE* 
[0 0 4 8] B4E»v^, 4 1 HJEah9y^rtlt» 
yy^fflT^tx^yhSl) , 4 2ttff«, 4 3 i4 
jiftKBrt^^-y^^y-t: 0 ^-^ 
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[0 0 4 9] H4fc*svvr, *-f, 8t*ii**i*:«-«* 
-TVhSg4 lft^-LT, PC44tfSAfll**ta 

Art- a. a*a*ttfc^««©wgAflHM)!fcS6mufc 
p c 4 4 gmuBii 4 6 * izizmmmnmm*fr l 

i^fit®-f-5fc*-efc5 0 ftfc, PC4 4fi, ^-fcf^- 
fflU ^t^-v'3yv/XTA4 5Jilr^i-5 0 gB& 
5-^ ©^(fcJMra«r*#1WS«4 6 LTfflfcrf 

5 0 :©g«, sty?-*? h**m>it.iwncm&<D 

[0050]^ w«oiBrasAflr«, *wlm»*l a 
[0051] z.<d£?\c, mmvmffi, mm^y^-n 

[0052] #±©J:$fc*3tt©JWK:J:*rtf, 

mmmm 33 1 nmstis 5 & a^ra* r * * * # 

m%???zhtfiismx°T?±x#'<>hmm3 
xummmmn 33w^*u2 ©rt#«rtt*mi-£ t ^ 

•ct5^yt;V3yf*-^3 4t, *Stolfft«0>* 

tT/^yt/^ytV-^ 3 4 t*»f^S3 3 t 

©wtf, #^Ait«, «fSAflr«. &%mmm<Dmmz 

ilffU *tHiifi$g*3 3»p<^y 2 Hl_hflEflMS«rfB« 
Stf, i©«*iI{mKg3 3*iBf*tciRt»#lt5cii:K: 

*3 2*liUR-t-5**-fe^-rtfcj3V^T, -3©*H]||] 



«8«3 3Sr*WU CfcSJifcflMI&SftU 

Bit **vfcflMR**K a»»ic«<^ h = *fty«i 

y?i/X^MC^(D\H®%&V!k£ J £%Z.btfX%6 0 
[0 0 5 3] *fc % h5y*«HI*., h 

y9mT9 >YmtA 1 h 

bt5tlf^-i/3^TA4 5t > *MHtR&lft4 6 

y h^«4 i t#«i»a{fg«#^#ti4 2 tcow-ea 
ffl^-yf/V3y^-?4 4t, iaig^Til&fcff 

5 ji&QLwmk#\cmitrm£®mwR tr h 9 y 
[0054] mm<Dmm 2 ) bisu, ©joscd 

2 }C J; iHimUtV Mi/ XT A fc LTCD^x y ^ -> 

mmmn<Dffimimm<Drm ltmm, mi vmj&xh 

So 

[0 0 5 5] m 5 ^C*5V^T, 5 1 (4*«|ji«^B^rt« 

Ufcr ^-fe^^-f v 5 2 i4«iHjiffK«^rtjSS 

Lfc/^-y^="Vt°^-^ (PC) £fcf4POSi/* 

fi, 5 3i4«p°p, 5 4 \m 1 CO«fi)cCO^®ffi 

5 5 «^ y Sr^-5«B»iiflrS!iE«:rt*Lfctt**- 

[0056] m 5 {r^-f- i 5 fc, ^-y^^, a>- 

Wy«l5l roiilf^ y Trttc:A-ofc«||ji{fS» 
5 4-^tfc**-K5 5f±, T?±Xtf4yhmm5 1% 
^U-CPC*fc(4POS^fA5 2l:J:Dfsy^S 

[0 0 5 7] ^tt, ^-7^^t?S>*ltf, fxy^^tl 
WA"9 Li 5 t brv^5A»l±*'ltaT'& 

*r*j<. r«|±M«*^, T^i?^^yb^*5i 

^LtPC5 2TJfxymittJ;9, KTOH 
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[0 0 5 8] ay^x^^FT, 7 

ttfchfc*ilftifi#§m5 4tt^«jfc, *g|affi$lBl*l 

?W n ft*ira<D l Hrffsasgwia. 
[0 0 5 9] £t±©J:5l!:*iato»*KJ:^«, 

«^a{sSB5 4^^D R pir^#CtT*D<ri: 
KJ:t>, # BSdhjas-HTifi Jte So 

[0060] mm^mm 3) me ^mmnmm^ 
m 3 ir «t 3 tiiffitii/^ fAtLtofi- ^ft«=a 

^affi sa©«^«sjico^ffi 1 i mat, 01 ic^-rm 

[0 0 e u Heted3v>r, 6 1 x*—ji>i&m& 

ftML-ftPBXisXTJ*, 6 2 (2ft • ^ft^aiJ— ^ 

6 a limn, 6 4tt^aflr«ii*rtj*ufc:r* 
yt;^yfa-^ (pc) , e ettt^v&lrt&m 
[0 0 6 2] H6R:*ivvr, 6 1~6 6*0!*. 

I6 4(t S>«tfcfi{J:#J93Te>^fcPC6 501t«*S 
*fiEl"6*»ff*»**aU, ft • Wflf-/^6 2IC 

tPBXWAeiu, 

ttjtt^asrfla^fu, ^ftiMg^^tf^^irii? 
nx^^xo^y^Mc^xn, ft • a-fr- 

^-6 2ii, aR*-K6 6SrT^-fe^JKWVhJSll6 
4*^LT-Sl*MMIi-CiU!MftWU *ott**-K 

^ir^#^vbg»6 4 ifiia©ii»Sfc*saH-5 r i 

[0 0 6 3] J»±©J:3fc*3»©#*fcJ:*U*, ^ 
K6 6i ( *tft*-K6 8 0ft'^t*Ult5lE'3F 



4flt-/^6 2 t> ft • *£*«tf—'<-6 2 ico 

W^^T^ir^^^h^E6 4i: > T^-fe^JK-fVh 
t°^,-^6 5tSr#-r5iticJ;i9, *«fftc*5^ 
bttfc/^-y-^/V^VtV-^ 6 5CDMMON/OFF 
Oft • ^Fft&l&ttl U ft • ^Ffttaf— 6 2 tCfl&Jt 
a3T©rtiK*^©«lS#fcofc#a\ 

«iertiKPBx^7 i A6 if*, ft-^ftta-^-^- 

6 2fcHtffcR»«r)S&U ^ftiW^tf-Y^^lc 
»Tli-e*>D, Sfoi;:r*-fe;*#-<vhS«6 4flqMW? 

R»S*V *©tW#fflttLT^5£tftfflLTV\h,tf, 
ft • fflHif- ^-6 2f3:&*#- K6 6 SrT^ir^ 

^ ^ ham e 4 Lx-imKmremsmm u 

^©tt*#- K6 6 &j^#Lfc^~©*IS#*>ofc» 
^ S»W(^T^ir^^^bS«6 4fi522«*fS(Ci 

■mesh-* ^ 

[0 0 6 4] (§fejfc©JgJB4) H 7 li*£91©3jldfe©S 
«4icj;5^fflffif IWrAi LT©«ft*f S 
^9 l ASr^-T«fifcH-T»*>5 e #SfcK©JBIBfc*Jtta*S 

[ o o 6 5 ] m 7 ic*sv^, 7 1 \mmmn$iwzftm 
LitTt-txtfj^mm, 7 2 \*&mmmmm*ftm 

o , 73mm, 7 4 riH 1 1 mm<nmi$,<nmmmm 

[0 0 6 6] /^-yt/^yfa-!? 7 2tt, =S-#^)!C 

&bMcmmmimm7 4 tr y h%W7 1 

49, t??^^ft«ffl^*Taa#*i±iiR]t, /^xv 
^-5 i-^mzm® b-rftrnta^fr 5 & < , i 

[0 0 6 7] £Jl±© j; 5 lc*||J6©^ttfc ijxtf, #» 

7 3tcgaR$tb^^y 2^*-r?,*iiaftge7 4 
*na{f^»7 4 £*na«£*T5 - t*Jw«*T^-fe 
^^yf^f7 1 1, T?±xtfjybmm7 1 
«aft?rfi : 5-t*Hrtgt s T^-fe^^'i'>'h»a7 i*r 
^Lx*i»afss«7 4©yty 2©rt*t»*(tit: 

i*st?ft5^— y-TvPal/'lfa— * 7 2 fcSr^TtSr fc 
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[0068] mmomms) is, m9n.^m<Dm 
mowm 5 k x z>mBma < $misxy L a at©pos 

[ 0 0 6 9 ] El 8 {C&VT, 8 lttPOS^fA, 8 
2 fifgS., 8 3 ftm& 8 2 SrAftfc fcf~-;l4§t£lfc 9 ft 

tt b^fc^ y y^mummmmm. 8 4 y y^s* 
m<o • flwt-usjt-e&a. sfeB^taavvc, 911m 

pa, 9 2!4fgp B H9 1 £A;ft?>fc*©ffl& (tf^— A«» 
?y^, *W) , 9 3f4«&9 2ic^?)#it5^y V? 

mmmmitmrn. 9 4 * y y ^*j»aft^e 9 

8*ii>feJlfct>o, 95(i^y i/^S«^iiftSI«9 
4 *JR#W Rrfl* J: 5 fc* y yyWttffi*^-* 9 6 

[0 0 7 0] hT^—^— v— {ry 

ttitffl*^-* 9 6 ^&Sfgp n n 9 5 £U1-©|gp R n 9 1 ttffl 

nA9 i *A*tfca, ^^aoqc^ y y^S 
#M»attsa 9 4 9 ftrt-r, * y y T^fcfciiff % 

■ 9 3©J:5fc* y y !f--/H§©q& 

n ° B 9 5 ©#-£\ zafi V y7JMtttMx'<-x9 ex.* 
©***3y^*«W«8«9 3%*9tttt5. ft 

*s, «&, O o pa^©ffl^ws.ait«^^ y y^*^ia 
flWfK9 3 0^*9R:B«**-r*j<. ^^lil 

»fl«61l9 3H:, -JJftOfftt&il'lSi, **btvfc3 
■^KfcSflrLfcMIW, 9 V y ®M 

y y^mmmmmmm 9 3 <o t\--tz. t «r* 
rwj^icu-c, ? v yfmMm.mmm.w.9 3 
■m. 9 mi bntcffi&tfigmimmzh, 

Li5i^l^ot<5„ H8£fflv>-tt& 
[0 0 7 1] gl 8 (C&V^T, U'J(D^<;V Y 3 ^TlcM 

^btifc^ps 2tm#.s e ■«**«£* 9 -**um 

84©ff£A3 0 S»fl»*ME]R5 ■JR^US«8 4tt, 
^©^AofciSfpSS 2fcJft{iW&;h,fc* y y^MMS 

»flrsv 8 3 fri^ffl u * y y^mmmwsmv. s 3 © 

7<^y KIBtt3;h,fciS.&W«&»*Si!>, POS^r 

as 1 ^©p^g^asa-tSo ^©#> mmnmm 

• Jft^f. Lg« 8 4 [4, 9Vy ^S^HafSSS 8 3 £Jfc 
OJWfcfcfc, ft»bnfc3^^K*S6flli-5. ^©^ 
HfcSMILfc* y ^1SII«I18 3 ft* y y 
TKS^UIt, g»tf#^5 •Jft*U£*8 4<0j6K: 



*t>fc* y yyS««ISB8 3(4, sntff 
^co1@*coffip B p1f|g^±«#LTSfiJfflpIli^fc5 0 * 

[0 0 7 2] &±©J:5fc*»D^1iKJ:*tf& 
y fcff y y ± 5 ffittfcJft 19 tttt 5 C t tfWtlfc 

* y y ^*i§a«sg 8 3 1 , * * y ©rt*©tttti l 

y y/lillMil8 3©^ y y^oJR^LaSpT 

«ft a nflHMKR 9 • lss 8 4 1 , I nflmR« 

t) -^LSa8 4i:©afS^«Iig^pos^^^A8 
1 tSr#-f?>r.i:}cj;t9, 0©P O S i^r Aii^3V^ 

t> p°p«^cD^^©rap c pif#^^fc«iiafsg« 
©y^yiciEit^-arTfc^, *s**s»ai-5B, i»:lt 

«tt«i5 • US* 8 4icAtt5i, gWlfftiEK?) 
•JSt^Ullt8 4W:, iftWt^W^fp^Iibtlfc^ y 
y ^««iaffi^R 8 3 © y y IdfElt S titcWi&m® 
&Wt&&'0, POS^rA8 1tt©^lriau 
POS-^TA8ii±^Ma^U *TJSi-*A« 
m&SXHn'Vv \-$t\c£VM<OZ:*titzZ.k*mm 
I »1ff t) • ^ LSB 

[0 0 7 3] 

y * y ^#i-5Mna«^» fc , «^affl^g t *i»a 
mznszk&^mftTi'-Kx-tfjyhmmk, t?± 
x#'(>hmw.kmBmm&ft5zki>^m-eT?±x 
*M * hmmzfr^xmrnmrn s*©^^ y ©rt^^K 

jjf ^{c-c/^- y ^ tr a - 9 k mmmmmm t © m 
r\ «rauflm, ^saiw«> p n p*'ttiB^©'if«^affi 

^HaflrSBw^^yicilSflHSSrlBltS*, r© 
SITU ftit^tT,fc*^afHS«ttitt/^0iRi-5^ 

b«*i4^©^ y rrto#i!iaflrss«*«tw e«t* 
nfcfl»«*s«u s»^itxe%wai-?»^-yf 

#^©^^IS»^J^©'lf «^#SAt^ -/i^C ± 
5 h y y * >• f *r A * © rt^ ?rSS* § * 5 r. ir *s 
«/^yA«ffl©i*IBffl||SrH4ii:«»T?#5fcv^5*«l 



[00 74] »*«2 KUB&oMliafe flv'^rAi; 
£*U4\ »*3BiKIB«o*Si»ifi«*a^7 l AC*5V^ 

^ffl7^ir*^yh£«i: 3-HiHaif *«f + # ffi® n 

[0 0 7 5] »*«3U:ffi*©*MSiaflrtai/^7 l Aj!: 

U Sr*1-5*- Kfflftanffi3SBfc#i-St fcKJ: 9, 
^■7^^©WAPf*5SlcS3V^"C, M»f£l»4, T 9 
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.(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an intra-airport passenger searching system for 
helping search for a passenger who does not appear at the boarding gate at a scheduled time. 
SOLUTION: This intra-airport passenger searching system is provided with a plurality of radio 
sensing devices (1 1 to In) which are arranged in each zone in the airport, detect a radio tag 
signal transmitted from a radio tag attached to a boarding ticket each time the passenger carrying 
the boarding ticket moves the zone and transmit a radio tag ID included in the radio tag signal 
together with a zone ID attached to the zone and detection time information, a passenger 
managing device (30) which receives the radio tag ID, the zone ID and the detection time 
information transmitted from each radio sensing device and has a database (31) for storing those 
pieces of received information, and a passenger searching terminal (41) which retrieves the 
database by using the radio tag ID of the radio tag attached to the boarding ticket carried by the 
passenger being a search object as a retrieval key and displays the zone in which the passenger of 
the search object finally drops in the airport together with the time information. 
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(54) Abstract Title 

A person or object locating and personal information system 



(57) A person or object locating and personal information system operates to provide an approximate 
position of a person or object within the system's range and also provide an information service to the person 
being tracked. The systems range is governed by the size of the cellular positioning network(s). 

The cellular positioning network(s) determines the location of the electronic tracking devices (These 
devices being physically associated with the tracked person or object) and communicates this information to 
the computer(s) or computer network(s) running the computer software program(s) this information is 
collated, processed, stored, distributed and displayed as required by the user(s). 

An information service provider(s) supply the personal information display and interface units with 
information relevant to the user. This information could be controlled be the user or automated. 

The system may be useful in airports to locate baggage or passengers, locating patients in hospitals, 
locating shoppers in supermarkets or could be applied to many populated social environments. 
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i. 

a person or object locating and personal 
information system 

Electronic location systems are well known. Generally systems operate to provide an 
approximate position of an object within the system's range; this information can then be 
utilised by the system user. 

There are particular systems that require the tracked object to be associated with an 
element of the location system. 

Existing location systems exhibit some of the following features: - 

Relevant positioning resolution, 

The ability to locate many thousands of people or objects, 

Operation inside structures, beneath the ground or in the sea, 

Capability of locating moving people or objects, 

Economically viable. 
However, no current system meets all of the above and can provide the users with a 
personal information and system. 

According to the present invention there is provided a person or object locating and 
personal information system. The present invention comprises of a computers) or 
computer network(s), computer software program(s), a cellular positioning network(s), a 
number of electronic tracking devices associated with the tracked person or object, a 
number of personal information display and interface units and an information service 
providers). The tracking devices may or may not be physically integrated with the 
personal passenger information units. 

A specific embodiment of the invention will now be described by way of example. 
The example describes the invention being applied in an airport environment. 



2. 

The airport or area in which tracking is required is divided up into many smaller areas, 
associated with each area is a node (cell) of the cellular positioning network. 
Within the airport or area in which the system operates there are people (passengers or 
staff) and/or objects (baggage or freight) that are required to be located. Associated with 
the people (passengers) and/or objects (baggage or freight) are uniquely coded tracking 
devices (tag), one device per person or object. 

Upon a request for the location of a person or object (this request may be either software 
driven or by the user/operator) the computers) or computer network(s) determines the 
unique identity code relevant to the person or object (the determination of the identity 
code is either entered into the system by the user, found in the systems database, or 
calculated via mathematical formula). This data is then communicated via a network of 
suitable means to the cells. 

The cells transmit this unique code (this code is only relevant to one tag in the system) 
via suitable means e.g. UHF part of the electromagnetic spectrum. This code is received 
by all of the tags but only the tag that receives an appropriately coded signal will respond. 
The response is a transmission, via suitable means of it's own identity code, only local 
cell(s) will receive this signal due to the fact that the tag transmits at low power and thus 
the signal does not travel very far. Alternatively the tag would transmit if instructed by 
the person or object with which it is associated for example if the passenger needs 
assistance. 

The received tag data is communicated via a network of suitable means to a computer(s) 
or computer network(s) where the data is processed. 

The position is determined in two ways i.) Reception of tag signal at one or more cells 
means the tag is within the operating range of the receiving cell(s) and/or ii.) The tag's 
signal strength is measured at the receiving cell(s) to determine an approximate range. 
This position information is then stored and/or displayed by a suitable means. This 
information can then be utilised by the user/operator of the system to improve efficiency; 
in the case of an airport reduce the number of delayed departing flights due to late or lost 
passengers or baggage. 



3. 

Together with the locating system there maybe provided a personal information system. 
This would take the form of a hand held interface unit and display or a body worn unit 
with a head worn viewing device. This would provide visual and/or audio information 
which could be passive or interactive e.g. films or Internet as appropriate to the user 
(passenger). The information required would be transmitted via suitable means and/or 
stored within the unit itself. 

It is also possible that the information gained by the system could be accessible via the 
Internet. 

This is a non-exhaustive example and the system or part system could be applied to many 
situations. Here follows a brief description of the invention applied to some different 
environments. 
Hospital. 

The present invention could also be applied to a hospital environment to locate patients 
and/or staff and could provide them with visual and/or audio information that could be 
passive or interactive. 
Supermarket 

The present invention could also be applied to a supermarket or any large shopping 
environment to locate shoppers and/or staff and could provide them with visual and/or 
audio information that could be passive or interactive e.g. location of a product or display 
of special offer. The information on the route that shoppers take through a supermarket or 
any large shop would be useful, e.g. to determine optimal product layout. 

It is conceivable that the present invention could be applied to many populated social 
environments, e.g. exhibitions/exhibition centres, museums, sports centres, 
manufacturing plants, offices, shopping centres etc. 



4. 



CLAIMS 

1 A person or object locating and personal information system comprising a 
computers) or computer networks), computer software program(s) 5 a cellular 
positioning network(s), a number of electronic tracking devices associated with the 
tracked person or object, a number of personal information display and interface units 
and an information service provider(s). The tracking devices may or may not be 
physically integrated with the personal passenger information units. 

2 A person or object locating and personal information system as claimed in claim 1 
wherein the cellular positioning network(s) communicate with the electronic tracking 
devices via wireless electromagnetic means. 

3 A person or object locating and personal information system as claimed in claim 1 
wherein personal information display and interface units communicate with the 
information service provider(s) via an electronic means. 

4 A person or object locating and personal information system as claimed in claim 1 
wherein the electronic tracking device(s) can be triggered by the user(s) to invoke an 
action within the person or object locating and personal information system. 

5 A person or object locating and personal information system as claimed in claim 1 
wherein the users can command the cellular positioning network(s) to communicate with 
one or many electronic tracking device(s) and invoke an action other than for location 
purposes. 

6 A person or object locating and personal information system as claimed in claim 1 
wherein the users can control the information which they receive on the personal 
information display and interface units. 



5. 

7 A person or object locating and personal information system substantially as 
described herein. 
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